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FOREWORD . 
The great era of soil exploitation has passed. New land can 
no longer be secured. The future stability in agriculture and 
the assurance of an abundance of nutritious food for both humans 
and animals must be based on sound, permanent systems of soil 
management. On soils that have lost much of their fertility, 
yields must be improved before profitable and nutritious crops 
can be produced; On soils that are still p,roductive, steps must 
be 'taken to maintain or improve the fertility. Through a study 
of crop yields and accompanying soil changes under continuous ' 
practices over a long period of time, fundamental information 
may be obtained which will aid in establishing more permanent 
systems of agriculture. Information from the various experi-
mental fields in this country, with careful records extending over 
half a century has come to be a most valuable aid in planning 
a program for soil restoration and improvement. 
In Sanborn Field, the Missouri Agricultural Experiment Sta-
tion has one of the oldest experiment fields in the United States. 
This field now presents over fifty years of experience. The 
results provide reliable aid in the study of basic principles in 
soil management. 
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INTRODUCTION 
The soil is dynamic and the changes constantly taking place 
are difficult to measure, except as they extend over a compara-
tively long period of time. A certain amount of soil change may 
correspond to a pronounced effect on the productive capacity of 
one soil, yet the same change in another soil may appear insig-
nificant as measured by crop, yields. It is only through extended 
experiments that variations due to seasonal effect may be elimi-
nated, and the cumulative soil differences from various soil man-
agement practices can be measured. The data presented in this 
report include the results from 50 years of continuous soil treat-
ment and regular cropping systems on Sanborn Field at the 
Missouri Agricultural Experiment Station. This field is one of 
a few in thts country, that have been in continuous operation 
for a period of over fifty years. In general, the results from this 
field are in close agreement with those reported from similar 
fields in other states. However, the distribution of the · rainfall 
at this mid-continental location is more variable than that in 
some of the other states and this may explain the somewhat less 
consistent results from this field than from the fields in the states 
farther east. In spite of these variation!3, results are in general 
agreement with those from other fields in pointing to the serious 
decline in soil resources under systems of poor management. 
The soil changes and trends in crop yields for proper and im-
proper systems of management are similar for all the experi-
ment fields regardless of location or of the soil's initial 
productivity. Fortunately, natural processes in all soils will 
do much toward keeping them fertile and productive for" future 
generations if the proper conditions and soil treatments a.re 
provided. 
°Thls ~periment field was planned b;y J. W. Sanborn. who was director of the station 
in 1888 when the experiment w.... bell'un. .The plots were laid out and the field work 
inaugurated by H. J . Waters. who was at that time Aeolstant AlI'rlculturist. Various men 
including M. F. Miller. C. A. LeClair. R. R. Hudelson. F. L. Dule;y. and H. H. Krusekopf 
have been In charge of the .detailed management of the plots at dlt!erent tim.s. The work 
at this time is being supervised b;y G.' E. Smith. 
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HISTORY AND PLAN OF EXPERIMENTS 
Sanborn Field is located on the University Farm at Columbia. 
The experiment field was started in 1888 and records of crop 
yields and soil changes are available since that date. The 
original plan of experimentation was designed primarily to test 
the value of farm manure in continuous cropping systems and 
in rotations of different lengths. Farm manure was then the 
only soil treatment that was available . in quantity or was ac-
cepted as a desirable soil amendment. Complete commercial 
fertilizer was rarely used, and mixed fertilizer practically un-
known. 
The original plan provided for thirty-nine tenth-acre plots, 
separated by borders three feet wide. In 1904 the streets sur-
rounding the field were changed which made it necessary to 
abandon Plot 8, and to reduce the size of the remaining plots. 
In order to provide wider borders, and improve the ease of 
handling the plots, they were further reduced in size in 19,14 to' 
one-fourteenth acre each. At that date the plans of certain of 
the duplicated plots were changed to include more modern 
methods of soil treatments. In 192'8, at the close of the forty 
year period, some of the plots were again changed because it 
was evident that the cropping systems and' soil treatments were 
contributing info:nnation of only minor value. Figure 1 shows 
the arrangement of plots, rotations, and soil treatments in 1938, 
at the end of 50 years of cropping. . 
Only one crop in each rotation occurs each year, and there is 
no duplication of plots. This has made difficult the technique of 
management, the elimination of seasonal differences and .the 
interpretation of results. However, when both crop yields and 
soil changes are considered, they illustrate forcefully both the 
impoverishment of the soil on some plots through poor manage-
ment, and the possible improvement of crop yield and quality 
on others. ' 
. In this pUblication no effort is made to discuss each of the 
plots and all of the data*, but rather to evaluate the soil treat-
ments and cropping systems that result in soil exhaustion or 
that show the me"ans of preserving the soil resources and obtain-
ing maximum yields. 
·Complete records of crop yields and some soil analyse~ are included i~ the Appendix 
beginning on page 40. A complete' record and discussion of soU analyses and changes . will 
be reserved for another bulletin. . 
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The Soil 
The soil on Sanborn Field m:ay be described as a dark, brown-
ish-gray silt loam, nine to twelve inches deep, grading into a 
grayish silty layer four to six inches deep. Below this there is 
another gradation into · a brown, heavy clay loam somewhat im-
pervious in character. The lower subsoil is a yellowish gray, 
silty clay loam,more friable than the layer above it. The surface 
drainage is generally good. The field has a slope of about two 
per cent and is in an intermediate soil region between the more 
level prairie type, Putnam silt loam, and some of the more sloping 
timbered soils commonly found along the prairie border. It is 
classed as Putnam silt loam though it differs slightly from 
typical areas of this soil in that it is slightly more rolling in 
topography, and has a deeper and somewhat darker surface. 
Also, the gray silty layer in the subsurface soil is not so pro-
nounced, and the tight clay loam layer in the upper subsoil is 
somewhat less impervious than that in the typical Putnam silt 
loam. The results obtained from experiments on typical Putnam 
silt loam, particularly with fertilizer and soil management treat-
ments, are in such close agreement with those on · Sanborn Field 
that its results should be directly . applicable to the Putnam soil 
area, the most extensive soil in northeast Missouri. 
The general fertility level of this soil type is about average 
for the entire state. Although no analyses of the soil were made 
at the start of the experiments, numerous samples, collected from 
the roadways and from adjacent undisturbed land at different 
times, indicate that this soil originally contained approximately 
3400 pounds of nitrogen in an acre surface seven inches. Plots 
1-7, 23-26, and 29-33 inclusive are subject to slight erosion, 
and data indicate that plots 31-39 may be slightly higher in 
fertility than the rest of the field. In general, however, the field 
is rather uniform and any initial soil differences have been com-" 
pletely overshadowed by the principal soil management practices. 
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Cropping Plan and Soil Treatments 
All crops were removed from the land and records were kept 
for yields of straw and fodder as well as of gTain. In the rotation 
experiments, the clover and the timothy were each cut only once 
so that any following growth was left on the ground. The manure 
used was secured from the University barns, and varied some-
what from year to year. All fertilizer has been home mixed, 
using sodium nitrate, superphosphate, and potassium chloride. 
The cropping systems and soil treatments that have been in 
continuous operation for the entire fifty year period from 1888 
to 1938 are listed in Table 1. . 
TABLE 1. SOIL TREATMENTS AND CROPPING SYSTEMS OF THE PLOTS OPERATED 
WITHOUT CHANGE FOR 50 YEARS 
Plot Cropping SY$tem 
17 Continuous corD 
18 Cpntinuous COTD 
18 ContinuQus oats 
15 Continuous PIts 
9 Continuous wheat 
10 Continuous wheat 
2 Continuous wheat 
23 Contlnugus tlmotbv 
22 Continuous timothy 
27 Three year rotatton ... com. wheat. red clover 
25 Three year rotation-corn, whe~t. red cloyer 
Four year rotation-corn, oats, wheat, 
39 red clgyer 
Four year rotation-corn, oats, wheat 
34 red clover 
Six year rotation-corn, oats, wheat, 
13 red clover timothy, timothy 
Six year rotation-corn, oats, wheat, 
20 red clgyer, timothy. timothy 
Six year rotation-corn, oats, wheat, 
red clover. timothy. timothy 
Six year rotation-corn, oats, wheat, 
4 red clover, timothy. timothy 
Soil Treatment 
None 
Six tons manuro annually 
None 
Stx tons manure annually 
No treatment 
Six tooe manure annually 
Nitrogen, phosphorus, potash applled annually in 
amounts equivalent to that removed by a 40 
bushel crop (see Table 11 ) 
No treatment 
She tons manure annually 
No treatment 
Six tons m!nure annually 
No treatment. (This plot is near a busy street 
and has been somewhat contaminated by llme 
blowing from passing gravel trucks. ) 
Six tons manure annually 
No treatment 
Six tOD8 manure annually 
Nitrogen, phosphorus, potaSh applied in 
amounts equivalent to that removed by 80 bu. 
corn, 60 bu. oats, .0 bu. wheat, and 3 tons 
gf clover and timothY 
Manure 3 tons aMually. One-half amount 
nitrogen, phosphorus and potash applled to 
Plot S 
The treatments of a number of the plots were changed after 
25 years (1913) to methods of cropping and soil treatments in 
common practice at that date. Table 2 gives a list of the plots 
all of which had received 6 tons manure annually during the 
first 25 years, and were then modified in soil treatments for 
the next 25 years as indicated. No changes were made in the 
cropping systems. The data from these plots are comparable 
for the second 25-year period (1914-1938), . 
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TABLE 2. SOIL TREATMENTS, AND CROPPING SYSTEMS OF THE PLOTS PROVIDING 
. COMPARABLE DATA FOR THE SECOND 25 YEAR PERIOD FOLLOWING THEm 
UNIFORM TREATMENT OF 6 TONS MANURE ANNUALLY DURING THEm 
FmST 25 YEARS 
Plot Cropping System Soil Treatment 1914-1938 Objective of New Plan 
24 Continuous wheat No treatment 
5 Continuous wheat Three tons manure annualll!: To measure the residual 
21 Continuous wheat 200110unds 0-16-0 annualll effect of manure, the com-
Mixed fertilizer 3-10-4 @ 150 parative value of three 
pounds .untilI928, 4-12-4 @ 200 tons of manure and the value 
36 Continuous wheat eounds after 1928 of different commercial 
100 pounds ammonium sulfate fertllizers 
29 Continuous wheat annualll 
125 pounds sodium nitrate 
30 Continuous wheat annually 
35 
37 
38 
19 
11 
12 
14 
Four year rotation, corn, 
oats, wheat, red clover No treatment To measure the residual ef-
Mixed fertilizer 3-10-4 @ 150 fect of manure in rotation 
Four year rotation-corn, pounds until 1928, 4-12-4 @ 200 and the value of mixed 
oats, wheat, red clover l10unds after 1928 fertilizer and lime. (Lime-
Lime when needed. 3-10-4 @150 stone-ground calcium carbo-
Four year rotation-corn, pounds until 1928, 4-12-4 @ 200 .nate rock. ) 
oats, wheat, red clover pounds since 1928 
Six year rotation-corn, oats, Six tons manure annually, 2 tons 
wheat, red clover, timothy, rock phosphate at start, 1000 
timothl 110unds before each corn croE To measure the value of 
Six year rotation-corn, Eight tons manure before corn, three tons manure equiva-
oats, wheat, red clover, 5 tons on wheat and second lent as compared to six 
timothl, timothI timothI tons annually (Plot 20), and 
Six year rotation_corn, Manure as on Plot 19, rock comparative efficiency of 
oats, wheat, red clover, , phosphate @ 1000 pounds before rock phosphate, bone meal,· 
tlmothl, timothl corn and superphosphate. 
Six year rotation-corn, Manure .as on Plot 19, 200 
oats, wheat, red clover, pounds bone meal on corn and 
timothl, tlmothl wheat 
Six year rotation-corn, Manure as on Plot 19, 300 
oats,wheat, red clover, pounds 15% superphosphate on 
timothy, timothy corn and wheat 
The original plan of the field included plots having continuous 
red clover, and a two-year rotation of wheat and red clover. 
These rotations pro,ved impractical and were discontinued in 
1913 at the end of 25 years. Records are available for the 
period from 1888 to 1913. A plan of these plots is given in 
Table 3. 
TABLE 3.-SOIL TREATMENTS AND CROPPING SYSTEMS OF THE 
PLOTS WHICH WERE DISCONTINUED AFTER 25 YEARS, 1913. 
Plot 
7 
6 
33 
31-
32 
Cropping System 
Continuous clover 
Continuous clover 
Two year rotation-wheat, red clover 
Two year rotation-wheat, red clover 
Soil Treatment 
No treatment 
Six tons manure 
annually 
No treatment 
Six tons manure 
annually 
BULLETIN 458-SANBORN FIELD 9 
Some few of the plots of which the soil treatments were 
changed in 1913 were changed again in 1928. Table 4 lists these 
plots with their different soil treatments and cropping systems. 
At the end of the 40-year period, in 1928, certain of other plot 
plans were changed also. The soil treatments and cropping 
systems for these plots, where data from 1928 to 1938 are avail-
able, are given in Table 5. 
TABLE 4. SOIL TREATMENTS AND CROPPING SYSTEMS OF PLOTS PROVIDING COMPARABLE 
DATA BETWEEN 1914 AND 1928 
Cropping System Soil Treatment Cropping System Soil Treatment 
Plot 1888-1913 1888-1913 1914-1928 1914-1928 
Continuous red clover No treatment Continuous cowpeas No treatment 
S,lx toris manure Six tons manure 
6 annually Continuous cowpeas annually 
Two year rotation-
33 No treatment wheat. red clover No treatment 
Six tons ma,nura Two year rotation- Six tons manure 
31 annually wheat. red clover annually 
Six tons manure Two year rotation- Six tons manure 
32 annually wheat, red clover annually 
Six tons manure Three year rotatlon-
28 annuall corn wheat red clover No treatment 
Six tons manure Three year rotation- Nine tons manure 
26 annually corn, wheat, red clover before, corn 
TABLE 5. SOIL TREATMENTS AND CROPPING SYSTEMS OF PLOTS PROVIDING DATA 
COMPARABLE FOR THE PERIOD 1928-1938 
Plot Cropping System 
26 Three year rotation-corn, wheat, red clover 
28 Three year rotation-corn, wheat. red clover 
Three year rotation-corn, soybeans, wheat 
33 and sweet clover 
Three year rotation-corn, soybeans, wheat 
32 and sweet clover 
Three year rotation-corn, soybeans, wheat 
31 and sweet clover 
Four year rotation-corn, oats, wheat, 
6-7 red clover . 
Soil Treatment 
Limestone when needed. 16% superphosphate @ 
200 pound. on corn and wheat when needed 
Limestone when needed. 4-12-4 @ 200 pounds 
on ra wha 
Limestone when needed. 100 pounds 
on corn and wheat 
Limestone when needed. 20% superphosphate on 
corn and wheat 
Limestone when needed. 20% superphosphate @ 
250 pounds plus 50% KCl @ 100 pounds on corn 
and wheat 
6-12-6 @ 300 pounde on corn and wheat; sodium 
nitrate @ 100 pounds on corn (side); 20% super-
phosphate @ 150 pounds on oats. (Identical 
treatments were applied to both these plots 
to measure the residual effect of forty 
years application of manure 
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RESULTS FROM SANBORN FIELD AND THEIR 
INTERPRETATION 
During the early operation of this field certain managerial 
difficulties were encountered and an occasional plot was not 
planted. Under such conditions, since no records are available, 
these years are not included in the averages. When there was 
no harvest because of unfavorable cropping, or weather condi-· 
tions, the yield is considered as zero and included in the average 
yield. Because of the wide seasonal variations, all of the yield 
comparisons between plots are made only for those years when 
the plots were in the same crops. Consequently, the yields for 
a particular crop on a specific plot may differ from the 50-year 
average and the average fora single crop may not always be the 
same in all tables. To facilitate comparisons most of the data 
discussed are considered in terms of increase over the poorest 
treatment in a series. Where it has been necessary to convert a 
number of different crops to the same terms for comparisons,' 
this has been done by conversion to their comparative cash value. 
CROP VALUES USED IN MAKING CALCULATIONS 
Corn ..................... $0.50 per bushel 
Wheat ................... $0.80 per bushel 
Oats ..................... $0.30 per bushel 
Clover hay ................ $10.00 per ton 
Soybean hay .............. $ 9.00 per ton 
Timothy .. ~ ............... $ 6.00 per ton 
Wheat straw .............. $ 1.50 per ton 
Oat straw ................. $ 3.50 per ton 
Corn fodder ............... $ 2.00 per ton 
COST OF SOIL TREATMENT 
Manure ................... $ 1.00 per ton 
Rock phosphate ............ $15.00 per ton 
16% superphosphate ....... $20.80 per ton 
20% superphosphate ....... $26.00 per ton 
Bone meal ................ $35.00 per ton 
Ammonium sulfate ......... $44.00 per ton 
Sodium nitrate ............ $48.60 per ton 
These values have been selected as fair prices of the products 
obtained and used on Missouri farms during the 1930-1940 
period. Current price levels and localities will affect these 
prices so greatly that any set of figures is of value only -for 
comparative purposes. 
BULLETIN 458-SANBORN FIELD 11 
Seasonal Aspects Considered 
Because of variations in management, crop varieties and 
weather conditions, there have been wide fluctuations in crop 
yields. It is believed that the soil changes that have taken place 
Year 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
t898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
Avg. for 
50 years 
Avg. for 
first 25 
years 
Avg. for 
second 
25 years 
TABLE 6. RAINFALL AND CORN YIELDS FROM PLOTS IN CORN CONTINUOUSLY 
Total 
annual rainfall 
33.7 In. 
37.9 
37.1 
64.6 
42.6 
28.9 
38.8 
31.2 
40.1 
46.7 
34.8 
36.0 
21.3 
44.3 
36.8 
43.1 
47.0 
32.2 
36.7 
40.5 
47.6 
42.2 
36.1 
36.4 
33.0 
31.6 
43.6 
33.6 
26.8 
39.6 ·· 
38.4 
31.3 
41.7 
43.3 
36.7 
41.5 
41.5 
43.6 
49.7 
43.1 
46.4 
26.1 
43.3 
34.4 
30.8 
33.2 
40.5 
26.8. 
31.7 
46.0 
38.1 
38.4 
37.7 
July and 
August rainfall 
8.7 In. 
10.4 
9.3 
11.2 
7.6 
2.5 
7.2 
5.6 
6.2 
5.1 
7.0 
7.0 
4.4 
14.3 
7.4 
8.6 
10.9 
4.3 
9.0 
7.7 
4.8 
9.6 
4.9 
6.8 
4.B 
9.0 
7.6 
2.7 
6.2 
8.6 
7.9 
6.1 
8.5 
6.8 
7.6 
8.8 
7.1 
9.2 
8.1 
B.9 
1.9 
2.7 
11.4 
9.8 
3.9 
5.B 
4.2 
2.3 
4.9 
4.4 
7.4 
6.2 
6.8 
Plot 17 
No treatment 
27.1 bu. 
41.1 
32.1 
42.1 
24.9 
17.1 
31.4 
21.0 
22.9 
23.9 
19.4 
16.8 
5.7 
38.0 
29.5 
17.1 
11.9 
Omitted 
11.7 
4.4 
1.3 
1.8 
13.2 
27.0 
7.0 
28.8 
38.0 
7.4 
27.6 
14.4 
19.6 
28.7 
24.2 
24.6 
12.6 
19.8 
7.9 
5.6 
9.8 
16.4 
2.8 
5.0 
40.0 
1"6.0 
14.8 
15.2 
21.3 
16.8 
19.3 
20.3 
18.3 
Plot 18 
Six tons manure annually 
34.8 bu. 
BO.7 
36.4 
51.4 
34.0 
30.1 
64.3 
46.4 
47. 2 
25.6 
31.9 
28.6 
11.3 
79.4 
55.5 
13.3 
64.2 
Omitted 
33.4 
11.7 
16.6 
6.5 
25.1 
30.8 
19.2 
33.9 
45.7 
14.6 
35.6 
22.4 
39.1 
50.8 
42.8 
44.9 
42.6 
37.8 
33.9 
19.7 
24.2 
35.6 
7.8 
4.0 
50.0 
38.3 
32.4 
17.8 
42.7 
44.8 
33.1 
35.7 
30.4 
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in 50 years are really more forceful in revealing the lessons 
from Sanborn Field than are the crop yields. The data in Table 6 
show the wide fluctuation in yield of the continuous corn plots 
without treatment and the · one receiving manure. They also 
demonstrate fluetuations not wholly attributable to seasonal 
effect. 
The soil on Sanborn Field has a rather low water-holding 
capacity because of the shallow depth and dense structure of its 
surface. Only when rain occurs every week or ten days' is it 
possible to obtain satisfa:ctory yields of corn. Table 6 and 
Figure 2 illustrate well the extreme variation in yield due to 
seasonal conditions. There is little correlation between crop 
yields and annual rainfall, but for the most part, the yields of 
corn are closely correlated with the rainfall of July and August. 
In those years when no relationship exists, records show that 
the moisture came after the crop had been damaged by drought. 
The decline in yields of continuous corn for the second period. 
of 25 years is not as great as might be expected on this soil type. 
Although the total annual rainfall was nearly the same for the 
two periods, the' precipitation in July and August was 0.6 inch 
greater during the second 25 years, which no doubt contributed 
towards increasing the yields. Better crops varieties, more ad-
vanced tillage and cultural methods, and possibly more careful 
supervision in recent years have undoubtedly influenced the yields 
somewhat in the second 25 year period. 
The fluctuation between yields in different years is great on 
both the untreated and the manured continuous corn plots (17 
and 18), but in general the variation from one year to another 
is less on the one receiving manure. The fluctuations are nearly 
as great for other crops grown continuously and in rotation, but, 
in general, the variations are smaller and the yields are in-
creased as the management practices are better. 
Although it is not possible to correlate yields of wheat with 
climatic factors as closely as can be done with corn, it is of 
particular interest to note the yields during recent y~ars, of the 
continuous wheat plots (9 and 10). The untreated plot has been 
producing a satisfactory crop in alternate years only, whereas 
the manured plot has produced a fair yield each year. This 
would indicate that the untreated soil can deliver only enough 
nutrients to produce a crop of wheat in alternate years or when 
the season is favorable. The manured plot, however, contains 
sufficient nutrients to produce a fair crop even in unfavorable 
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Fig. 2.-Yields of corn as advancing five-year average's of corn grown 
continuously with (Plot 18) and with~ut manure (Plot 17). 
13 
seasons. The physical condition of the soil on these plots is of 
interest (Figure 3). The soil receiving no organic matter ad-
ditions has a poor structure. It is light in color, and more 
poorly aggregated than the companion soil given manure. The 
surface soil readily becomes sealed by rain. It is possible to 
observe much suspended material being removed in runoff water 
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Fllr. a.-Spr ing condition or plants and Boil on continuous wheat p lots. Top- No treat-
ment (Plot 9); Bottom- Ma nure (Plot 10) .' Note the .mall plants and the "compaot" 
l urfnce on the untreated plot. . 
despite the slope of less than one-half to one per cent on these 
particular plots. Because of this behavior of the soil, there is 
a reduced penetration of water. Only in early spring, following 
heavy rains, is it possible to find significant amounts of mois-
ture in the subsoil. 
Hay Quality 
When yields of forage are reported on a tonnage basis it is 
implied that all bulk is of the same quality. The yields from 
the poorest plots frequently contained a large percentage of plants 
of lower nutrient value than the crop being grown (Figure 4). 
Meadows are seldom entirely free of weeds, consequently the 
actual difference in yields of clover or timothy may be greater 
than is indicated by the yield measurements. The same is true 
BULLETIN 458- SANBORN FIELD l5 
Fifl. 4.- Crop QuaHty Is InAuenced by loll tr atment. Top (Plot 22) timothy. no 
tr ·atment; bottom (P lot 28 / lix toni manUT annually. The man ured p lot haa a hiflh 
yl Id of pure timothy. wh! on the untr at d the vefletatlon II lariely weed plants. 
The unf rtillzed plot beam 10 w . dy that both were plow d Imd T seed d at Intervala. 
for manured plots where the weed seeds brought in have intro-
duced plants to greatly increase the tonnage records of straw, 
or hay, thus giving a larger weight than should be recorded. 
Data are also available'" which point to diff r nces in nutrient 
value of feeds produced on soils having different treatments 
though the crop contained no weeds. These results also indicate 
'Unpubllshed data- Mia.ouTi Aflrloultural E;xv rim nt Station. 
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that treatments which give high yields may not produce crops 
that can be most efficiently utilized by animals, particularly if 
the soil treatment is not well balanced. These variations in 
nutrient quality due to soil treatment apparently are not limited 
to forages, but may also occur in grain. Because of these varia-
tions it is necessary that care be exercised in interpreting minor 
variations in treatment where the difference in yield is small. 
Value of Crop Rotations 
An attempt to measure the comparative value of continuous 
cropping, both with and without treatment in contrast to that 
of rotations of various lengths, was one of the pcrincipal obj ects 
in the original design of these experiments. These comparisons 
are now available for the 50-year period. Bec.ause all crops have 
not been grown each year, it is difficult to make comparisons for 
all different rotations. The data presented in Table 7 have been 
assembled so as to eliminate seasonal differences as far as 
possible. The yield figures recorded for the rotation plots are 
the yields obtained on the continuously cropped plots plus the 
increase in yield of the rotated plot over those producing the 
same crop each year. These corrections give more reliable yield 
figures than is true for the actual yields when the season is not 
taken into consideration. It is quite obvious in all cases that 
TABLE 7. AVERAGE YIELDS DURING 50 YEARS OF CROPS IN VARIOUS ROTATIONS 
AND CROPPING SYSTEMS 
Average annual 
CQrn ~ts Wheat ~lover Timothy value of croe. 
No No No No No No 
Cropping treat- treat ... treat- treat- treat- treat-
system ment Manure ment Manure ment Manure ment Manure ment Manure ment Manure 
SIX year 
rotation 37.9 50.8 29.7 31.9 15.8 28.2 2059 4464 2500 4525 $12.00 $19.25 
Four 
year 
rotation 36.6" 45.0 26.8" 37.2 21.6" 21.5 2216" · 4000 15.47 20.36 
Three 
year . 
rotation 31.7 46.9 13.8 25.1 1656 4446 13.02 23.98 
Continu-
ous Corn 18.5 33.1 11.28 19.44 
Continu-
ous Oats 20.1 33.0 7.75 13.75 
Continu-
ous wheat 10.3 18.8 9.32 17.28 
Continu-
ous 2530 5097 7.59 15.29 timothy 
*A.1l straw and forage calculated in value of crops. ··Has been contaminated by lime dust from street. 
Fig. 5.- Average yields of corn enin Ind stover for fifty years. From lett to right (Plot 17) eantinuOUA earn, no treatment, 18 
Plot 18, continuous earn, manure. II bu.; P lot II, corn ill rotation, no treatment, 37 bu.; Plot 20, eorn in rotation, manure, 47 
earn in rotation without treatment baa produced ~ ltover but more gra;n than continuoWl corn with manure. 
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both with and without manure, the yields have been considerably 
higher for all crops in all the rotation systems than where con-
tinuous cropping was practiced. However, it is difficult to draw 
any definite conclusions as to the superiority of anyone of the 
different rotations. There is some indication that yields and 
soil productivity are slightly higher as the rotation is longer, 
or as corn is grown less frequently, or where corn is immedi-
ately preceded by a grass-sod crop. 
It seems highly significant that almost all yields on the 
rotation plots without treatment have been as high as those under 
continuous cropping with 6 tons of manure annually. This is 
particularly well shown by the corn yields where the continuous 
corn plot with manure has produced an average of 33.1 bushels 
whereas the yield on the three ;rotation plots with no treatment 
ranges from 31.7 to 37.8 bushels (F'igure 5). With wheat the 
continuous plot with manure has produced 18.8 bushels, and the 
rotation plots without treatment from 14 to 21 bushels.. Con- . 
tinuous oats with manure has yielded 33 bushels, while the oats 
in rotation without treatment has given yields of from 27 to 30 
bushels. From these data it might be concluded that a good 
rotation is as valuable in increasing crop yields as an annual 
application of 6 to,ns of manure. 
Although some of the continuous plots with treatment have 
given gross monetary returns comparable to the rotation plots, 
this measured production has been at the expense of future pro-
ductivity, as evidenced by the trends and the poor yields produced 
in recent years. 'As judged by the crop yields and the residual 
soil conditions after cropping to different rotations, the atten-
tion to good management and to soil treatment balanced for 
maintaining soil fertility is far more important than concern 
about minor , differences in crop sequences or details of a crop 
rotation. 
Rotations Alone are Insufficient to Maintain the Soil Productivity 
or the Crop Yields 
Although the crop rotations without soil treatment have given 
yields equal to, or better than, continuous cropping with treat-
ment, when the 50-year average are compared, yet an ex-
amination of the data in the Appendix will show that the yields 
on the rotation plots without treatment have declined rapidly in 
the last 15 to 20 y-ears. At present it is impossible to obtain a 
stand of clover with any degree of regularity on any of these 
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plots. Usually the hay contained only a small percentage of 
clover but much grass and weeds. The hay from timothy plots 
includes a large percentage of tickle grass (Panicum Oapilla1'e), 
and red sorrel (Rumex Acetocella). Plot 13, which is the plot 
without treatment for 50 years in the 6-year rotation, shows 
strong evidence of reduced fertility. Even timothy cannot main-
tain itself in competition with the wild grasses. In the second 
year of the timothy crop, weeds often make up almost one 
hundred per cent of the plant stand. This is not true for the 
other plots in the 6-year rotation, and shows that the dominance 
of these undesirable plants is not due to contaminated seed but 
to a soil productivity level that will not support timothy and 
clover, yet will furnish enough nutrients for these weed plants. 
Furthermore, the corn, oats, and wheat plants show symptoms 
of starvation and produce crops of low quality. This condition 
may not be remedied by anyone practice. In order to bring 
about higher yields and crops of better quality, with an elimina-
tion of weed plants, a system of soil management, including the 
addition of balanced plant nutrients, must be followed. 
Value of Manure 
No results from Sanborn Field are more conclusive than those 
concerning the value of farm manure and the necessity for its 
efficient conservation. In all of the experiments the amount of 
manure provided for in the · original plan and carried through 
on some of the plots was much greater than is feasible for most 
farmers to apply. This excessive application of manure often 
caused lodging of the wheat and oats and inj ured the stand of 
clover that followed, both through smothering and possibly 
through competition for plant nutrients. Even with this heavy 
application of six tons of manure annually, the average value of 
the manure measured by yield increase in the crop has been well 
over a dollar per ton, as shown in Table 8 and Figure 6. 
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Fig. 6.- A four year rotation of corn, oats, wheat, and clover: Pictures on left show plots without 
treatment; those on right show increased growth where manure is applied. 
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22 MISSOURI AGRICULTURAL EXPERIMENT STATION 
If higher prices a,re obtained for fann crops than have been 
used in calculating these results, the return from more careful 
handling and use of the manure would be correspondingly greater. 
Also, it is entirely possible that crops produced on manured land 
may have a higher feeding value than those produced without 
soil treatment. * 
*Unpublished data-Missouri A&'ricultural Experiment Station. 
- TABLE 8. CROP YIELDS FROM MANURED AND UNMANURED PLOTS. 
(AVERAGE OF 50 YEARS.) 
Average annual yield 
6 tons manure No treat-
Cropping System 
Continuous corn 
Continuous oats 
Continuous wheat 
ContinuOus timothy 
Six year rotation 
Four year rotation 
Three year rotation 
(a) Grain only 
(b) All grain and forage 
annually ment 
33.1 bu. 
33.0 
18.8 
50971bs. 
4027 
4850 
3224 
18.5 bu. 
20.1 
10.3 
25081bs. 
2286 
3589 
2567 
Average 
increase 
14.6 bu. 
12.9 
8.5 
25891bs. 
1741 
1261 
1657 
Average 
Annual 
Value of 
increase 
7.30 (a) 
3.87 (a) 
6.90 (a) 
7.76 
6.59 (b) 
3.93 (b) 
10.62 (b) 
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Value of the Different Rates of Application .of Manure 
All of the initial manure applications on the field were at the 
rate of 6 tons annually. At the end of 25 years, 1913, the rate 
of application was reduced to 3 tons annually on some plots and 
was omitted entirely from others. The data given in Table 9 
TABLE 9. AVERAGE CROP YIELDS AS RELATED TO DIFFERENT RATES 
OF APPLICATION OF MANURE (25 YEAR PERIOD 1914-1938) 
No treatment 
50 years. 
Six tons manure 
annually, 1888-1913. 
Three tons manure 
annually, 1914-1938. 
Six tons manure 
annually, 50 years. 
Continuous Wheat 
Yield/Acre 
Plot bushels 
9 14.9 
5 18.6 
10 20.0 
Six-Yea!: Rotation 
Corn Wheat 
Plot bushels /acre 
13 25.9 8.3 
19 45.2 22.1 
20 44.6 26.4 
show that the return per ton of manure was much greater when 
applied at a 3-ton rate than at six tons. For the second 25-year 
period, where the manure application was reduced to 3 tons, the 
yield of wheat on the continuous plots was only 1.4 bushels less 
than where 6 tons were applied. On the rotation plots, the 
reduction of the rate of manure application had little effect on 
the yield of corn, but decreased the yield of wheat over four 
bushels per acre. Where manure was applied to continuous 
wheat during the first 25 years but omitted during the second 
2~5-year period, the yield during the latter period was only 1.7 
bushels higher than the yield during the first 25 years where no 
manure was applied (Table 10). The residual effects of manure 
after 25 years amounted to an increase of 3.3 bushels on corn, 
and 3.7 bushels of wheat in the 4-year rotation. 
As listed in the Appendix, it appears that the residual effect 
of the manure was evident only a few years after 1914, when 
manuring was discontinued (see Appendix). In the later years 
of this period of residual effects, crop yields were no better than 
on the plots never having received treatment. This points to 
the necessity of making regularly repeated additions of fertility 
for short time effects, rather than large single additions of 
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which the influence would be expected to remain over many 
years. 
TABLE 10. CROP YIELDS REFLECTING THE RESIDUAL EFFECTS 
OF MANURE (25 YEAR AVERAGE 1914-1938). 
Continuous Wheat Four year Rotation 
Yield/Acre Corn Wheat 
Plot bushels Plot bushels . acre 
No treatment, 50 years 9 14.5 39* 44.9 
Six tons manure 
annually, 1888-1913. 
No treatment, 1914- 1938 24 16.2 35 48.2 
*Contaminated somewhat by lime 
Commercial Fertilizer Versus Manure in Maintaining 
Crop Yields 
22.4 
26.1 
Commercial fertilizers have come into use more extensively in 
Missouri during the last 25 years. With exploitive cropping and 
an increase in the number of tractors, the quantity of manure 
available. has been reduced, and the use of commercial fertilizer 
is increasing. The plots on Sanborn Field, given commercial 
fertilizer during the 50 years, received a,pplications much larger 
than is now known to be practical (Table 11). For example, 
Plot 2., which is in continuous wheat received an amount of 
nitrogen, phosphate and potash equivalent to that removed by 
TABLE 11. ' KINDS AND AMOUNTS OF CHEMICAL FERTILIZER 
APPLIED TO PLOTS WITH COMPLETE TREATMENT 
(POUNDS PER ACRE) 
Sodium 16% super 50% muriate 
Nitrate (!hos(!hate of (!otash 
Corn, 80 bushels plus 
2.4 tons stover. 764 301 136 
Oats, 60 bushels plus 1.5 
tons straw. 375 157 98 
Wheat, 40 bushels plus 2 
tons straw. 495 209 111 
Clover,. 3 tons hay. 774- 245 216 
Timothy, 3 tons hay 
(2 years) 464 147 170 
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a 40-bushel crop of wheat. Plot 3, which was a six-year rotation 
of corn, oats, wheat, red clover and two years of timothy, re~ 
ceived nitrogen, phosphate and potash, in amounts equivalent to 
that removed by 80 bushels of corn, 60 bushels of oats, 40 
bushels of wheat and 3 tons each of clover and timothy. Plot 4, 
also in a 6-year rotation, received one-half the amount of chem-
icals applied to Plot 3, in addition to an annual application of 
3 tons of manure. 
TABLE 12. CROP YIELDS AS INFLUENCED BY MANURE AND FERTILIZER 
UNDER CONTINUOUS CROPPING OF WHEAT AND UNDER SD{ YEAR 
ROTATION (FIFTY YEAR AVERAGE) 
Sgll Ir~atm~m:l 
Complete One-half manure 
Cropping System No treatment Manure fertilizer One-half fert!l!zer 
Continuous wheat 10.3 18.8 20.3 
Six year rotation 
Corn 36.8 49.0 43.1 41.0 
Oats 30.9 37.3 42.3 50.3 
Wheat 15.2 27.2 30.8 31.1 
Clover 2059 4464 3485 3878 
Timothy 2631 5054 5655 4731 
It is evident from the results in Table 12 that commercial 
fertilizer applied in large quantities has no noticeable detri-
mental effect on the soil when such satisfactory yields may be 
obtained without the addition of manure or organic matter, al-
though this practice is not profitable. For the continuous wheat, 
the yields have been slightly higher with commercial fertilizer 
than with manure alone, but have been only about half the yield 
for the equivalent of which the plant food was applied. Limit-
ing factors have entered in to prevent maximum yields. Prob-
ably the yields on the low producing plots wouId have been 
greater had the quantity of nitrogen added been less, .thus pre- . 
venting the rank growth and lodging of the crops. 
The yields were higher for wheat, oats, and timothy on the 
rotation plots where fertilizer only was used than where manure 
was the only soil treatment. However, on corn and clover the 
production was higher on the manured plots. This failure of 
corn to respond as well as the small grain, was due, no doubt, 
to the well known effect of dry weather on fertilized corn. 
No organic matter, except that in the stubble and plant roots 
has been returned on the heavily fertilized soil, and the higher 
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humus content in the manure plot has possibly enabled it to 
hold more moisture and withstand the summer droughts better. 
The rank growth of wheat on the fertilized plot, gave more com-
petition for the clover so that it did not produce as satisfactory 
a stand as on the manured plots. This undoubtedly accounts for 
the difference in yields, With the timothy, however, the large 
amount of nitrogen in the fertilizer stimulated growth and made 
for a larger yield than was obtained on the manured plot. 
Where half manure* and half fertilizert was applied, the yields 
of oats and wheat were higher than where either manure or 
fertilizer was used alone. Manure alone produced higher yields 
of corn, clover, and timothy. Since this soil is rather low in 
phosphorus, the yield of small grain has been low because of the 
small quantity of this nutrient element supplied by the manure. 
Small grains normally give a good response to phosphorus on this 
soil type, but the increases on corn and forages are erratic. 
These results show forcefully the need for regular additions . 
of organic matter to the soil. Although the plots given com-
mercial fertilizer have received plant nutrients far in excess of 
other plots, the total crop yields have been lower than on plots 
receiving regular additions of organic matter,· but less plant 
nutrients. The organic matter content and the physical condi-
tion of the soil on the chemically treated plots have declined 
rapidly. These altered conditions have prevented sufficient water 
from percolating into the soil and being stored for drought 
periods. Apparently a condition has developed in the soil where-
by the nutrients applied are not delivered to the plant when 
needed for optimum growth. 
Although the applications of fertilizer were heavy, the results 
indicate that there were no injurious effects to the soil or to 
the crop yields from the large amounts used. It is evident, 
however, that commercial fertilizers alone, without the addition 
of organic matter in animal manures or crop resudies, cannot 
maintain a profitable leval of ~rop production. 
The VaIue of Different Phosphates 
A comparison of bonemeal, superphosphate and rock phosphate 
was started in 1914 on six-year rotation plots that had all 
received 6 tons of manure annually for the previous 25 years. 
The rate of manure was reduced, Table 2, to 8- tons on corn, 
5 tons on wheat, and 5 tons on the second grass crop during the 
second 25-year period from 1914 to 1938, on all plots where the 
·Three tons manure annuallY. 
t One-half amount of the fertilizer applied to plot 3 (see Table 11). 
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phosphate was applied. All of these plots are readily comparable 
since they are adj acent in a series. 
All of the phosphates have increased the yield of wheat as 
shown in Table 13. The most soluble forms of phosphorus in the 
bonemeal and superphosphate have given the largest increases. 
Slightly more erosion on the superphosphate plot might elf plain 
the lower yield than was obtained with bonemeal. 
TABLE 13. WHEAT YIELDS AS INFLUENCED 
BY DIFFERENT PHOSPHATES. (RESULTS 
OF 25 YEARS, 1914-1938) 
Soil treatment 
No treatment. 
Manure (3 ton equivalent 
annually). 
Manure-rock phosphate @ 
1000 pounds each 6 years. 
Manure-bonemeal @ 200 
pounds on corn and wheat 
Manure-16% superphosphate 
@ 300 pounds on corn and 
wheat. 
8.3 bushels 
22.0 
26.3 
33.0 
30.9 
There was no increase in yield for any of the phosphates on 
the corn, oats, clover or timothy. It is probable that the residual 
effect from the previous 2,5 years of manure application, together 
with the manure applied while the phosphates were compared 
may have supplied sufficient phosphate for corn, oats, clover and 
grass, which are strong ph{)sphate feeders, so that some other 
elements than phosphorus was the limiting factor. 
Lime and Fertilizers in Crop Rotation 
No limestone treatment was included in the ori.~inal plan of 
the field. One plot (38) in the four-year rotation was limed in 
1914. The plots in this rotation are somewhat hbl:her in native 
fertility than the rest of the field and possibly all of them have 
been contaminated somewhat by lime blown from the neaTby 
street. However, it is now almost impossible to obtain a stand 
of clover on any of the unlimed plots in this series. Although 
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the average yields do not show as much benefit from lime as is 
normally obtained from this treatment on other fields on · this 
soil, there is, nevertheless, a profitable increase. The data in 
Table 14 give the results from these ' plots for the last three 
rotations, and show very satisfactory increases in oats, wheat 
and clover from an application of limestone at an estimated 
annual cost of 50¢ per year .. 
Plot 
39 
37 
38 
TABLE 14. CROP YIELDS AS INFLUENCED BY LIMESTONE 
IN CONJUNCTION WITH FERTILIZER. LAST 25 YEARS 
<1914-1938) . 
Treatment Corn Oats Wheat Clover 
Bu. Bu. Bu. Lbs. 
None 34.4 25.6 17.4 1167 
Fertilizer 41.3 32.0 19.9 1283 
Lime and fertilizer 41.2 41.7 22.2 2613 
Trend of Crop Yields 
Variations in cropping systems, changes in operation, and 
introduction of new and better crop varieties make it difficult 
to show the actual change in the soil's productivity due to long-
time use, as reflected in yields. The trends shown in Figure 7 
give the average yields of crops expressed as dollar values for 
the first and the last twelve year periods of the entire fifty years 
for most of the principal cropping systems. On the continuous 
plots there is a decline in production for all plots except that in 
continuous oats. The yield loss was greatest on the continuous 
corn plots, while the declines for wheat and timothy were nearly 
parallel. The decline in productivity of the oat plots has been 
completely offset by the better varieties of oats that are being 
used on the field today. In the rotation plots it is significant 
that all those receiving heavy applications of manure have shown 
increases in productivity, whereas the untreated plots have 
shown declines. It is also of interest to note that in plotting 
these returns in terms of dollars per acre, the sho·rter rotations 
have given the greatest return while the longest rotation has 
given the smallest return. However, the decline in soil nitrogen 
on all three year rotation plots indicates that this plan of 
cropping is too intense to maintain a permanent level of pro-
ductivity. 
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YEARS YEARS 
FIg:. 7.-Trendl In cro:p ,.Ielda under continuoul and rotation cr~pplng:. 
Ctmf{mH"u Crop~1I 
Plot II. Wheat. no treatment 
Plot 10. Wheat, manure 
Plot lli, Oats; manure 
Plot 16. Oats. no treatment 
Plot 17, Corn. no treatment 
Plot 18, Corn. manure 
Plot 22, Timothy. manure 
Plot 28, Tlmoth,.. no treatment 
Rotation Croppitnll 
Plot 18. Six year, no treatment 
Plot 20, Six ,.ear, manure 
Plot 26, Three year, manure 
Plot 27. Three year. no treatment 
Plot; 84, Four year, manure 
Plot 89. Four :year, no treatment 
Maintaining Soil Fertility 
The efficiency of any system of soil management will depend 
not only on the immediate profit it will bring, but also on its 
effect in maintaining and assuring permanent soil productivity, 
Under Missouri conditions there is no better measure of soil 
productivity than the content of nitrogen. Not only is nitrogen 
necessary for balanced growth of all plants, but it serves as an 
indicator of soil organic matter which in turn is a most important 
soil constituent in determining water storage and in decreasing 
the severity of droughts, Organic matter also supplies the largest 
portion of mineral nutrients used by growing plants. Figures 
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Fig. S.-Changes in nitroge'n content of. surface soil from plots In continuous cropping. 
both with and without manure, (The figure for the virgin soil is from roadway between 
plots and from adjacent ope'll wooded area that has never been plowed and has been main-
tained in bluegrass.) 
8, 9, and 10 show the nitrogen content of the top seven inches of 
soil from the different plots after 50 years as effected by different 
methods of management. 
Continuous corn without treatment is the most exhaustive 
crop as evidenced by nitrogen depletion followed in order by 
wheat, oats and timothy It appears that the greater the 
length of time there is a thick growing cover crop on the land, 
and the less frequently the soil is stirred, the less rapid will 
be the decline in soil nitrogen and productivity. With peren-
nial plants, such as timothy, much of the nitrogen carried 
downward by drainage waters will be absorbed by plant roots 
and its loss from the soil thus prevented. Erosion is reduced, 
and the decaying plant roots are constantly contributing to 
the soil's supply of available nitrogen. 
The continuous corn plot receiving 6 tons of manure an-
nually. has a lower nitrogen content than the continuous tim-
othy plot with no treatment.. Continuous oats with manure 
has just about maintained the original nitrogen level~ while 
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Fig. S.-Changes in nitrogen content of surface soil from plots in rotation croppings both 
with and without manure. 
continuous wheat when manured has lost over 12 per cent of 
the original soil nitrogen. The removal of nitrogen by crops 
has been much less than the amount of nitrogen supplied by 
the manure. Rotations have been less exhaustive of soil nitro-
gen than the continuous production of any crop, excepting 
timothy. This would be the expected result since the rotations 
contain legumes which add nitrogen, and the rotations used 
would keep a growing cover on the land for a larger share of 
the time than corn, wheat, or oats, but not as much as timothy. 
It is also in agreement with the fact that the more often corn 
occurs in the rotation, the more rapid is the decline in nitrogen. 
It is of interest to note that the heaviIymanured, continuous' 
timothy plot shows a nitrogen content somewhat above that of 
the virgin soil in the roadway. 
Regardless of whether manure has been used or not, the 
. three year rotation plots have the lowest nitrogen content 
followed in order by the four-year rotation, and the six-year 
rotation systems. Although the six-year rotation with manure 
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I Contihao(Ls torn -nQ irt!'a tment 
1.3 Yt!'lZr rot~tlOI7 - no frt!'. tment 
ICol7l'ti7aous ",-heat - chemic'riLs for maxim ~m em,IJ 
l Ct:Jn/inuous J,"e.lt -no f~fment 
IAvenrs", of a} nJt4ti0/7S - '*' tre4tme17t 
14 Yellr rQ/.:!4017 -nQ treat~el7t 
16 Y44r rotcft}ol7"': I7Q tr~~.tm4dt 
1 C()J7til7uous o.tt.r - no tre~fment 
1 COl1fil1lioas 4:.""11 - m4l7ar~ 
16 Ye4r rotati~1I - chemka/~ ror m4.Kima 
" cr",P 
ICol1l!iluous t}moin), - 110 4reatmel1t 
16 Yedr roicffl~ - f.t md'l1ur~ j J.? chemic/lis 
'. 
lcol7ltill.iOIi~ .rh~.,t - man~re 
1.1 Yeilr !p/.:!t}"17 -mal1are , 
14 Year roI44-017 -m417are 
IAyer4j'e" tJr ~/I rtJi'd'fiOI1,s + mal7ure 
16 ~4r rof4tyo17 -manure 
LConlJilaous ~t.s - m617a1e 
I Yir~in soil "'~m rOd'dw'!lf 
1 C()J7/inaoas rlmo/fI)' - m4~ure 
I I 
Fig. lO.-Nitrogen content in the surface soil under different treatments and eroppin&' 
JUan~ements after :fifty years. (1888-1&38). 
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contains soil nitrogen in amounts approaching within a 
hundred pounds of that in the virgin soil, yet the 300 tons of 
manure applied during the 50 years which added at least 300'0 
pounds of nitrogen, has not quite maintained the original nitro-
gen content of the soil. Since these plots have never been 
limed, it has become increasingly difficult to secure stands of 
clover in recent years. It is probable, with a rotation of this 
length, that liming would increase the growth of clover and 
consequently the nitrogen returned in the c~op residue, which 
when added to that in the manure, would bring about a gain 
in the total soil nitrogen. 
Chemical fertilizers, when used in large quantities, have 
maintained satisfactory yields, but have not kept up tlie soil 
nitrogen. In fact, where heavy amounts of nitrogen have been 
applied to continuous wheat, the nitrogen content of the soil 
is about the same as under continuous wheat with no treat-
ment". The rotation plot that has received heavy applications 
of commercial nitrogen annually contains but 300 pounds more 
nitrogen in the plow layer than is found in the plot of the 
same rotation receiving no treatment. Evidentally most of the 
nitrogen not used by the immediate crop is removed from 
the soil by leaching or denitrification. If there was a significant 
increase in root growth from these added chemicals, it was 
too small to have an appreciable effect on soil properties, par-
ticularly the nitrogen content. 
Balance Sheet of the Soil Nitrogen Under the Different 
Treatments and Cropping Systems 
From calculations, using average chemical analyses as com-
positions of the crop and of manure, it is evident that there 
is a wide variation in the efficiency of the recovery of th~ 
nitrogen applied in soil treatments, depending on the amount 
and kind of treatment applied and the cropping system used. 
Table 15 shows the amounts of nitrogen .recovered during fifty 
years of cropping with different soil treatments. 
From these figures it is evident that heavy applications of 
chemical fertilizers have given a very low efficiency of recov-
ery. Likewise, where manure has been used in continuous 
cropping systems, the nitrogen has been utilized much less 
efficiently than in rotation systems. After 50 years, one can 
account for only 52 per cent of the nitrogen involved in the 
continuous corn plot with manure. The figure for the corre-
sponding plot without manure is only 58 per cent, oats with 
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TABLE 15. NITROGEN RECOVERY IN CROPS FROM UNTREATED, MANURED, 
AND FERTILIZED PLOTS. (RESULTS FOR 50 YEARS)' 
Loss of 
Nitrogen content Nitrogen by Per cent 
of 7 Inch layer Leaching nitrogen In 
Cropping Soil Nitrogen Nitrogen removed of soil after 50 Volltlzatlon soil or 
Plot system treatment added In crops" years cropping and Erosion utilized 
Four-
year 
27 rotation None 886 1970 - 544 84 
Three- Six tons 
year manure 
25 rotation annually 3000 18411 3010 -1542 76 
Four-
year 
39 rotation None 1303 2190 + 93 103 
Four- Six tons 
year manure 
34 rotation annually 3000 1641 3060 -1699 73 
SIx-
year 
13 rotation None 885 2220 - 295 91 
Slx- Six tons 
year manure 
20 rotation annually 3000 1473 3330 -1597 75 
SIx-
year 
rotation Chemicals 2030 599 2530 -2301 58 
, 
SIx- One-half 
year chemicals 
rotation One-half 
4 manure 1765 615 2780 -1770' 66 
Continu-
ous 
2 wheat Chemicals 1855 419 1990 -2846 46 
Continu-
17 ous Corn None 577 1500 -1323 81 
Continu- Six ton 
18 QUS Corn manure 
annually 3000 857 2480 -3083 52 
Continu-
ous 
9 wheat None 357 2000 -1043 89 
Contlnu- Six tons 
OU5 manure 
10 wheat annually 3000 712 2990 -2698 58 
Continu-
ous 
16 oats None 320 2380 - 700 79 
Contlnu- Six tons 
ous manure 
15 oats annually 3MO 714 3370 -2316 64 
Continu-
OUS 
23 timothy None 744 2700 + 44 101 
Contlnu- Six tons 
ous manure 
22 timothy annually 3000 1646 3910 - 844 87 
• Assuming 3400 poWlds nitrogen In surface soil In virgin state as shown by samples from 
Roadway and adjacent uncultivated land. 
"Average analyse. (same analyses used In figuring amount of nitrogen removed regardless 
of sol1 treatment>. Calculated from Henry and Morrison's ~ Feeds and Feeding. 
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manure 64 per cE;lnt, while the manured rotations vary from 
73 to 75 per cent. For continuous timothy the figure is 87 
per cent. Undoubtedly these crops grown on manured soil had 
a nitrogen content of higher percentage than average products. 
If such is the case, this would raise these recovery percentages 
somewhat. The data help to show what efficiency of recovery 
may be obtained from different cropping systems. It is of 
interest to note that the untreated plots have all given a higher 
percentage recovery than the companion treated plots. This 
may well be due to the lower yields occuring under a deficiency 
of nutrients in the soil, and a higher efficiency with -which the 
plants were taking up most of the nutrients made available 
during the growing season. 
TABLE 16. NITROGEN RECOVERY IN CROPS FROM PLOTS GIVEN DIFFERENT RATES OF MANtlRE. 
(RESULTS FOR 25 YEARS, 1914-1938) 
Per cent 
Nitrogen Nitrogen Nitrogen Nitrogen Gain nitrogen In 
added In removed at be- after 25 or soil or 
Plot Cropping System Soil Treatment 25 years In crop' ginning years loss utilized 
9 !:;ontinuous wheat None 203 2300 200 -117 95 
5 ContInuous wheat Three tons manure 750 385 2820 2390 - 795 7~ 
10 Continuous wheat Six tons manure 1500 430 2980 2990 -1060 63 
Six-year 
13 rotation None 316 2320 2200 +196 108 
Six-year 
19 rotation Three tons manure 7:;0 634 3150 3070 - 196 95 
Six-year 
20 rotation Six tons manure 1500 654 3360 3300 -876 82 
"Average analyses from Henry and Morrison. Same analyses used regardless of soil treatment. 
;rable 16 shows the relative efficiencies of annual applications 
of three to 6 tons of manure for 25 years. By decreasing the 
manure application from 6 to 3 tons per acre with continuous 
wheat, the efficiency of recovery of nitrogen was increased 15 
per cent while there was a reduction in yield of 1.3 bushels of 
grain and 728 pounds of straw. In the six-year rotation the 
nitrogen recovery was 13 per cent greater for the three ton 
than for the 6-ton application, with little increase in yield from 
the extra three tons of manure. It is also worthy of note that 
the recovery of nitrogen is significantly larger for the second 
25-year period than for the first quarter century. Obviously 
it is impossible to maintain a nitrogen balance equal to that 
found in the virgin condition under a normal system of cultiva-
tion on a soil that has developed under a mixed grass and 
timber vegetation in this latitude. As evidenced by the decline 
in soil nitrogen with time, Figures 8 and 9 show that the loss 
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of nitrogen was much more rapid during the first 25 years of 
cultivation than during the second 25-year period. 
From these results it appears that the amount of any soil 
treatment applied follows the law of diminishing returns. 
Although the yield may be increased by addtional amounts of 
soil treatment, the higher the amount applied, the less the 
percentage of it that is recovered. It is impractical to build 
up an excessive amount of nitrogen in the soil to be drawn on 
in following years. It appears that the most efficient method 
of management is one that applies farm manures and com-
m~rcial fertilizer treatments to those crops that have the high-
est nutrient requirements and distributes manure over the 
widest possible area. In these comparisons, the three ton ap-
plication of manure has not given yields as high as those from 
the 6-ton application, but the lesser amount has produced more 
profitable increases in yields. 
Economic Returns from Soil Treatments and Cropping Systems 
Any comparisons of economic returns and land values must 
necessarily be influenced by the price levels and the demand 
for different farm products. However, when comparable 
prices are considered for a definite period (1930.1940), a con-
servative estimate is obt~ined that gives a relative return which 
may be expected from land under different systems of man-
agement. The data recorded in Table 17 show the compara-
tive returns that have been obtained from the different systems 
of management. In calculatiI].g the cost of production, only 
the necessary operations have been considered, with the as-
sumption that the cost of rent, or interest and taxes would be 
relatively constant for different soil treatments and cropping 
systems. Obviously these costs should be deducted from the 
figure for net gain if an absolute value is desired. Numerous 
comparisons may be made from these calculations but the most 
significant results from the data for 50 years as given in 
Table 17, are the increased return and consequent increased 
value of land where crop rotations and manure have been used. 
In all cases, the rotations without treatment have produced 
much higher net values than any · of the continuous cropping 
systems receiving 6 tons of manure annually: On all crops and 
in all rotations excepting the four~year rotation manure has 
brought about substantial increases in land values. The three-
year rotation has produced the greatest net value of crops, 
followe"d in order by the four-year and then the six-year rota-
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tions. This increase, however, as previously pointed out, has 
been due to more intensive cultivation with a greater percentage 
of grain. crops and has been at the expense of the soil fertility 
reserve. All factors considered, it appears that the three-year 
rotation with the frequent clover failures that have occurred 
is too depleting for this soil and climate to maintain permanent 
productivity. 
TABLE 17. RETURNS FOR DIFFERENT CROPPING SYSTEMS AND SOIL TREATMENTS 
AS CALCULATED FOR THE 50 YEAR PERIOD, 1888-1938 
Average ••• .. 
Cropping Soil annual Cost of Cost of Total Net Investment Net land 
Plot system treatment values production treatment cost gain return values 
Six-year 
13 rotation 
SIX-year 
20 rotation 
4 
39 
34 
27 
25 
17 
18 
16 
15 
10 
23 
22 
Six-year 
rotation 
Six-year 
rotation 
Four-year 
rotation 
Four-year 
rotation 
Three-year 
rotation 
Three-year 
rotation 
Continuous 
corn 
Continuous 
corn 
Continuous 
oats 
conhnuous 
oats 
Continuous 
wheat 
Continuous 
wheat 
Continuous 
wheat 
Continuous 
timothy 
Continuous 
timothy 
No 
treatment $11.99 $4.50 
Manure 19.25 4.50 
Complete 
tertlllzer 19.05 4.50 
One-halt 
manure 
One-halt 
tertilizer 
No 
Treatment 
Manure 
No 
treatment 
Manure 
No 
treatment 
Manure 
No 
treatment 
Manure 
No 
treatment 
Manure 
Complete 
tert!lizer 
No 
treatment 
Manure 
18.76 4.50 
15.49 5.50 
20.36 5.50 
13.02 5.50 
23.98 5.50 
11.28 7.65 
19.44 7.65 
7.75 5.55 
13.75 5.55 
9.32 6.10 
17.28 6.10 
18.38 6.10 
7.59 2.00 
15.29 2.00 
$ ---- $ 4.50 $ 7.49 
6.00 10.50 8.75 
14.90 19.40 -.35 
8.93 13.43 5.33 
5.50 9.97 
6.00 11.50 8.86 
5.50 7.52 
6.00 11.50 12.48 
7.65 3.63 
6.00 13.65 5.79 
5.55 2.20 
6.00 11.55 2.20 
6.10 3.22 
6.00 12.10 5.18 
13.00 19.10 -.72 
2.00 5.59 
6.00 8.00 7.29 
• Assuming land is worth $50. 00 per acre • 
• ·Value of land considering net profit as 5% return on Investment. 
'··Does not Include rent, Interest, or taxes. 
15.0% $149.80 
17.5 175.00 
-.7 
10.7 106.60 
20.0 199.40 
17.7 177.20 
15.0 150.40 
25.0 249.60 
7.3 72.60 
11.6 115.80 
4.4 44.00 
4.4 44.00 
6.4 64.40 
10.3 103.60 
-1.44 
11.2 111.80 
a.6 145.80 
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SUMMARY AND RECOMMENDATIONS 
The principles that are illustrated by the work on Sanborn 
Field are fundamental and should be thoroughly understood by 
farm operators if the rapid decline in soil fertility is to be halted. 
A study of the soil changes and of the crop yields that have 
taken place during 50 years, and the yields of crops that are 
now being obtained on the different plots· indicate the practices 
that should be followed to restore the soil fertility and maintain 
a permanent and profitable agriculture. * 
Some General deductions from Sanborn Field may be briefly 
stated as follows: 
1. Crops in rotations have given much better yields and higher 
net returns than the crops grown continuously on the same land. 
2. Short rotations generally give larger economic returns, but 
long rotations are more effective in maintaining soil productivity. 
3. Crops produced in a rotation have higher bushel weights, 
contain less weeds, and are of higher quality than those pro-
duced in continuous cropping systems. 
4. The length of rotations or the sequence of crops in a rota-
tion has a less important effect on crop values or on the return 
from the land than soil treatments or different systems of soil 
management. 
5. In a six-year rotation of corn, oats, wheat, clover, timothy, 
both the yields and the net returns have been lower than in a 
four-year rotation which contained clover but no grass, and 
which has· suffered no greater change of soil nitrogen. It is 
possible that the carbonaceous organic matter built up under 
the grass does not break down rapidly enough for the corn fol-
lowing to furnish sufficient available nutrients for this crop. 
6. Crop rotations without manure have been as effective in 
maintaining the yields of corn, wheat, and oats as have heavy 
applications of manure when these crops were grown continuously 
without rotation. 
7. Farm manure has been effective in maintaining a higher 
content of nitrogen in the soil. 
8. When only a limited amount of manure is available for 
spreading, greater total returns will be obtained from spreading 
at the rate of 3 to 5 tons per acre than at 8 to 10 tons per acre 
on a smaller area. 
°No records have been made of erosion from Sanborn Field, but in :oractice it is necessary 
to use mechanical means of halting the runoff of water and erosion of the soil when the 
soil body is not sufficiently protected against erosion by the cropping system alone. 
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9. Limestone has been essential for the growth of clover .and 
should be used in connection with crop rotation and manure on 
those soils containing insufficient calcium. 
10. Heavy applications of commercial fertilizers have main-
tained crop yields but have been inefficiently recovered by crops. 
When no crop residue has been returned, fertilizer treatments 
have resulted in a serious depletion in soil nitrogen. A com-
bination of manure and fertilizer has been more satisfactory 
than either of the treatments applied singly and in large 
quantity. 
11. . 'The soil building value of fertilizer treatments or cropping 
systems is reflected in the changes of soil nitrogen. The most 
evident phase of soil exhaustion is the decline in soil nitrogen. 
12. In the latitude of Sanborn Field it is impossible to main-
tain the nitrogen supply of soil at its virgin content when 
intensive cultivation is practiced, even though large additions of 
nitrogen are made in manure or commercial fertilizers. 
13. Manure was much more effective in maintaining soil 
nitrogen than was commercial fertilizer. 
14. The greater the length of time a thick growing crop is on 
the land and the less frequent the cultivation of the soil; the 
less rapid is the decline in nitrogen. Timothy has been less 
exhaustive of soil nitrogen than oats and wheat, while corn has 
caused the most rapid depletion of any crop used. 
15 . . Corn and wheat grown continuously through 50 years 
gave only slightly lower economic returns than a rotation system 
where only one-half or one-third of the land is occupied by ~orn 
and wheat. However, this high return on the continuous corn 
or wheat plots has been at the expense of soil productivity. 
After fifty years most of the rotation plots are still producing 
fairly high yields while the yields from the continuously cropped 
plots will no longer pay expenses. 
16. Crop rotation alone without the necessary nutrient addi-
tions from manures, lime, and commercial fertilizers, to supply 
a balanced nutrient medium for plants, cannot indefinitely main-
tain profitable yields of high quality crops. 
APPENDIX 
The detailed data for each plot are given in the following pages, 
for ·the f\ntire 50-year period. 
Plot 
1 
2 
3 
4 
5 
6 . 
7 
9 ' 
10 
11 
12 
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NITROGEN CONTENT OF SURFACE 7 INCHES OF SOIL FROM 
SANBORN FIELD PLOTS • 
Total Nitrogen In top 7 Inches 
1915 1928 
6-Year Rotation: -Corn, oats, wheat, Clover, 
Timothy. Timothy-Soil Treatment: . Since 1914 
6T. manure annual!y-RockPhos. @ 2T. 1914. 2820 2880 
1000. Rock P!los. with manure before corn 
11888-1913; 7T. manure annually) 
Continuous Wheat: Soil Treatments: Chem. 
Fert. for 40 ·Bu. Crop. All P, K, and 1/3 2160 1840 
of N at seeding-remainder N in SprllU( 464.4 
* NaNOs 146.5* 20% Phos. 111.3# 50% KCI. 
6-Rotatlon-Corn, Oats, Wheat, Clover, Tim., 
Tim. Soil Treatment-Chem. Fert. for max. 
crop (80 bu. corn, 40 bu. wheat, 60 bu. 2250 2480 
Oats, 3T. clover, 3T. tim.) all P, K and 1/3 
N at seeding-remainder N In Spring. 
6-Rotatlon-Corn, Oats, Wheat, Clover, Tim. 
Tim. Soil Treatment Chem. Fert. for 1/2 max. 
crop. All P, K, and 1/3 N applied at seed- 2511 2580 
lng-remainder of N in Spring. Manure 4T. 
on corn, 2 1/2 T on wheat and second grass. 
o · 
Continuous Wheat: Soil Treatments 3T. manure 
as top dressing slnc!, 1914. 11888-1913; 6T 2820 2420 
manure annually.) 
Rotation (Since 1928) Corn, Wheat, Oats, 
Clover: Soil Treatment (Since 1928) 6-12-6@ 
300 and NaNOs @ 100 on corn; 20% Phos;@ 150 2920 2680 
on oats; 6-12-6 @ 300 wheat; 11888-1913; 
cant. clover-6T. manure annually) 11914-1927 
cant. cowpeas-3T. manure annually) 
Rotation (Since 1928) Corn, oats, Wheat, 
Clover. Soil Treatments (Since 1928) 6-12-6 
@ 300 and Na N03 @ 100 on corn; 20% Phos. 2420 2180 
@150 on oats. 6-12-6 @ 300 on Wheat. 
11888-1913; Continuous clover-No treatment) 
11914-1927; Continuous cOWpeas-No Treatment} 
Continuous Wheat; Soil Treatment; None 2330 1960 
Continuous Wheat. Soil Treatment-6T Manure 
annually. 2980 3040 
; 6 Year Rotation-Corn, Oats, Wheat, Clover, 
Tim., Tim. Soil Treatments:-(Slnce 1914) 8T. 
manure on corn, 5T. on wheat and second 2940 3220 
grass. Rock phos. @ 1000 with. manure be-
fore corn. (1888-1913; 6T. Manure annually) 
6 Year Rotation-Corn, oats, 'wheat, clover, 
tim., tim. Soil Treatments-(Slnce 1914) 8T. 
manure on corn: 5T. on wheat and second grass 3380 3240 
Bone meal @ 200 on corn and wheat. 11888-
1913; 6T. manure annually) 
1~3ij 
3041) 
1990 
2530 
2780 
2390 
2290 
1920 
2000 
2990 
2970 
2940 
Plot 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
n 
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NITROGEN CONTENT OF SURFACE 7 INCHES OF SOIL FROM 
SANBORN FIELD PLOTS' 
Total Nitrogen In top 7 Inches 
1915 1928 
6-year rotation. -Corn, oats, wheat, clover, 
tim., tim. Soil treatment: None 2320 2340 
6-Year Rotatlon. - Corn, oats, wheat, clover, tim 
tim. Soil :rreatments- 8T. manure on corn; 5T 
on wheat and second grass. Superphosphate @ 
300 on corn and wheat. 11888-1913; 6T manure 
3130 3060 
annually.) 
Continuous Oats. Soil Treatment-6T manure an 3280 3620 
Continuous Oats. Soil Treatment: None 2230 2380 
Continuous Corn. Soil Treatment: None 1800 1600 
Continuous Corn. Soil Treatment- 6T Manure an,2680 2640 
6-Year Rotation- Corn, oats, wheat, clover, tim. 
tim. Soil Treatments-aT. manure on corn; 5T 3150 3140 
on wheat and second grass. <1888-1913; 6T 
manure annually). 
6 Year rotatlon- Corn, oats, wheat, clover, 
tim., tim. Soil Treatment : 6T manure annually 2360 3340 
Cont. Wheat. Soil Treatments- 200/1 16% Phos. 
annually <1888-1913: 6T manure annually. ) 2940 2320 
Cont. Timothy. Soil treatment; 6T manure ann. 3550 3740 
Cont. Timothy. Boll treatment: None 2840 2740 
Cont. Wheat. Soil Treatment: None 11888-1913; 
6 T. manure annually. ) 3280 2200 
3 Year Rotation - Corn, wheat, clover. Soil 
Treatment; 6 T. manure annually. 3170 3120 
3 YeIlr Rotation - Corn, wheat, clover. Soil 
Treatments-Lime when needed. 200/1 16% Phos 
before corn and wheat. 11888-1913; 6 T. 3230 2700 
manure annually; 1914-1928, 9 T. Manure befor 
corn. 
3 Year Rotation-Corn, wheat, clover. Soil 
Tresument-None 2340 2060 
3 Year Rotation-Cor n, wheat, clover. Soil 
Treatment: 01.-12-01. @ 200 on corn and wheat 3090 2400 
(1888-1913; 6 T. manure annually; 1910/0-1927 
no treatment ). 
Rotation: Continuous Wheat. Soil Treatments:-
Ammonium sulfate @ 100, one half applied in 2910 2140 
spring. Cl888-1913; 6 T manure annually.) 
Rotation; Continuous Wheat. Soil Treatments:-
Na nitrate at rate @ US, one half applied in 301.30 2340 
spring. (1888-1913; 6T manure annually.) 
3 yr. rotation: corn, soybeans, wheat + 
sweet clov!lr (under). Boil Treatment: Lime-
stone when needed, 20% Phos. @ 250 and 50% 
KCl @ 100 on corn and wheat. Cl888-1927; 
Rotation wheat and cl. 6 T manure annually. ) 
3380 3300 
41 
1938 
2220 
2620 
3370 
2380 
1500 
2480 
3070 
3330 
2220 
3910 
2700 
2070 
3010 
201.10 
1970 
2020 
1620 
1870 
2540 
42 
Plot 
32 
33 
$4 
35 
36 
37 
38 
39 
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NITROGEN CONTENT OF SURFACE 7 INCHES OF SOIL FROM 
SANBORN FIELD PLOTS • 
Total Nitrogen In to 
1915 1928 
3 Year Rotation: Corn, says, wheat + sweet cl. 
(under ). Soll treatments: Limestone when need-
ed, 20% Phos. @ 25011 on corn and wheat. <1888- 3200 3120 
1913, Rotation wheat and clover, 6 T. manure 
annually; 1914-1927, 6 T. manure top dressed 
on wheat.) 
3 Yr. Rotation: Corn, soybeans, wheat + sw. cl. 
(under) Soll treatments: Limestone when needed 3130 2740 
50% KCl @ 100 on corn and wheat. <1888- 1927 
rotation wheat and. clover, no treatment). 
4 Yr. Rotation-Corn oats, wheat, clover. Soll 
Treatment: 6 T. manure annually. <1888-1927, 3430 3280 
rotation corn, oats, clover, wheat, 6 T. manure 
annually. 
4 Yr. Rotation-Corn, oats, wheat, clover. Soll 
Treatments: None <1888-1913, rotation- corn, 3300 2740 
oats, clover, wheat; 6 T. manure annually). 
Cont. Wheat. Sol1 Treatments: 4- 12-4 @ 200* 
annually. 11888 -1913. 6 T. manure annually. 3620 2400 
1914-1927, 150113-10-4 annually ). 
4 Yr. Rotation. - Corn, oats, wheat, clover. 
Soil Treatments: 4-12-4 @ 2001/ on corn and 
wheat. (1888-1913; rotation corn., oats, clover 3220 2660 
wheat, 6 T. manure annually: 1914-1927; 3-10-4 
@ 15011 on corn and wheat). 
4 Yr. Rotation - Corn, oats, wheat, clover. Soil 
Treatments: 4-12-4 @ 200* on corn and wheat • 
. Limestone when needed <1889-1913; rotation, 3430 2760 
corn, oats, clover, wheat, 6 T. manure annual .. 
ly. <1914-1927; 3-10-4 @ 15011 on corn and 
wheat ). 
4 Yr. Rotation-Corn, oats, wheat, clover. Sol1 
Treatment: None <1888-1913, rotation; Corn, 2940 2480 
oats, clover, .wheat, not treatment. ) 
• Original Nitrogen as determlnded from roadways and adjacent 
virgin Boll was apprOximately 3400 In the top 7 Inches of soil. 
7 inches 
1938 
2500 
2220 
3060 
2270 
2220 
2500 
2490 
2190 
BULLETIN 458-SANBORN FIELD 43 
Plot No.1 
6 YEAR ROTATION - CORN, OATS, WHEAT, CLOVER, TIMOTHY, TIMOTHY 
SOIL TREATMENT: SINCE 1914,6 T. MANURE ANNUALLY - ROCK PHOS. @ 2 T. 1914,1000 ROCK PHOS. 
WITH MANURE BEFORE CORN <1888-1913 ; 7 T. MANURE ANNUALLY> 
Vi"ld VI"ld 
Year Crop Grain Forage Year Crop Grain 
1889 Wheat 13.2~ 2160 1917 Oats 53.30 
1890 Timothy -- -- 1918 Wheat 36.63 
1891 Timothy -- Omitted 1919 Clover --
1892 Corn 61.43 2060 1920 Timothy --
1893 Oats 36.25 3680 1921 Timothy --
1894 Clover 
--
5500 1922 Corn 62.62 
1895 Wheat 44.00 4160 1923 Oats 32.81 
1896 Clover 
--
1000 1924 Wheat 23.86 
1897 Timothy -- 6540 1925 Clover --
1898 Corn 35.00 2080 1926, Timothy --
1899 Oats 41.00 2890 1927 Timothy --
1900 Clover 
--
6300 1928 Corn 82.60 
1901 Wheat 40.10 5595 1929 Oats 56.0 
1902 . Timothy -- 1950 1930 Wheat 35.55 
1903 Omitted 
--
--
1931 Clover -.-
1904 Corn 46.06 2600 1932 Timothy --
1905 Oats 19.06 1443 1933 Timothy --
1906 Timothy -- 2730 1934 Corn --
1907 Wheat 28.20 3634 1935 Oats 29.47 
1908 Timothy -- 7216 1936 Wheat 28.62 
1909 Timothy -- 7618, 1937 Clover --
1910 Corn 50.30 6864 1938 Timothy --
1911 Oats 24.07 1100 
1912 Wheat 15.16 2587 Average Corn 51.2 
1913 Clover -- 3887 Average Oats 36.5 
1914 Timothy 
--
Omitted Average Wheat 31.1 
1915 Timothy -- 5275 Average Clover --
1916 Corn 20.80 4774 Average Timothy --
*All hay was timothy-this figure Is 1/2 o( hay yield. Averaged In with rest o( clover. 
Year 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1899 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 . 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
Plot No. 2 
CONTINUOUS WHEAT SOIL TREATMENTS: CHEMICAL FERTILIZERS FOR 40 BU. CROP 
ALL P, K, AND 1/3 OF N AT SEEDING-REMAINDER N IN SPRING 464.4* NaN03 146.5* 
20% PHOS. 111.3* 50% KCl 
Ylel. ~;Ald 
Crop Grain Forage Year Crop Grain 
Wheat 20.58 3225 1919 Wheat 11.14 
Wheat Omitted Omitted 1920 Wheat 4.20 
Wheat 24.80 2665 1921 Wheat 12.83 
Wheat 13.33 1990 1922 Wheat 23.28 
Wheat 00.00 0000 1923 Wheat · 32.37 
Wheat 34.53 3700 1924 Wheat 25.67 
Wheat 39.33 4140 1925 Wheat 39.14 
Wheat 12. 50 1970 1926 Wheat 21.60 
Wheat 10.80 1100 1927 Wheat 21.75 
Wheat 3.30 1400 1928 Wheat 25. 61 
Wheat 16.10 1434 1929 Wheat 19.01 
Wheat 17.30 2040 1930 Wheat 21.64 
Wheat 28.70 3780 1931 Wheat 25.89 
Wheat 26.80 2650 1932 Wheat 23.33 
Wheat 18.70 3880 1933 Wheat 26.78 
Wheat Omitted Omitted 1934 Wheat 23.33 
Wheat 7.90 1024 1935 Wheat 11.15 
Wheat 33.36 4323 1936 Wheat 30.92 
Wheat 27.90 3616 1937 Wheat 15.5 
Wheat 14.10 1827 1938 Wheat 14.4 
Wheat 23.00 2474 
Wheat Omitted Omitted Average Wheat 20.33 
Wheat 16.46 2184 
Wheat 7.69 1515 
Wheat 17.01 2990 
Wheat 20.32 2741 
Wheat Omitted Omitted 
Wheat 10.5 2674 
Wheat 6.5 1162 
Wheat 34. 3 3346 
Forage 
2926 
4382 
2695 
3192 
5712 
5640 
2128 
4266 
7840 
3143 
7840 
4676 
2576 
4316 
2891-
6440 
4900 
2693 
2276 
3477 
2562-
8020 
3924 
2337 
3842 
4084 
5275 
Forage 
2845 
1127 
2464 
4298 
3108 
2842 
4805 
1845 
3287 
2493 
4137 
2098 
3935 
3290 
4034 
3766 
U60 
3045 
3508 
3479 
2853 
44 MISSOURI AGRICULTURAL EXPERIMENT STATION 
Plot No.3 
6 YEAR ROTATION - ~ORN, . OATS, WHEAT, CLOVER, TIMOTHY, TIMOTHY 
SOIL TREATMENT: CHEMICAL FERTILIZERS FOR MAXIMUM CROP (80 BU. CORN, 40 BU. WHEAT, 
60 BU. OATS, 3 T. CLOVER, 3 T. TIMOTHY) ALL P, K AND 1/3 N AT SEEDING-REMAINDER N 
TN!'! PRTNCl 
YI"ld Yl"ld 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Wheat 17. 67 2780 · 1917 Oats 62.70 2764 
1890 Timothy -- Omitted 1918 Wheat 34.18 3773 
1891 Timothy Omitted Omitted 1919 Clover -- 2190 
1892 Corn 60. 71 4590 1920 Timothy -- 4368 
1893 Oats 38.75 4340 1921 Timothy -- 6244 
1894 Clover 
--
3140 1922 Corn 58.59 4318 
1895 Wheat 38.67 4180 1923 Oats 47.25 1778 
1896 Clover 
--
3740 1924 Wheat 23.80 2940 
1897 Timothy -- 8220 1925 Clover -- 6426 
1898 Corn 34.10 1700 1926 Timothy -- 3157 
1899 Oats 39.40 3200 1927 Timothy -- 7980 
1900 Clover -- 4700 1928 Corn 78.80 3766 
1901 Wheat 43.30 5790 1929 Oats 61.69 2842 
1902 Timothy -- 2120 1930 Wheat 35.55 3007 
1903 Omitted 1931 Clover -- 2188-
1904 Corn 41 .60 2340 1932 Timothy -- 6720 
1905 Oats 36.56 1106 1933 Timothy -- 5180 
1906 Cowpeas 
--
1690 1934 Corn -- 3756 
1907 Wheat 24.08 3121 1935 Oats 34.12 2296 
1908 Timothy -- 6318 1936 Wheat 37.95 3575 
1909 Timothy 
--
3888 1937 Clover -- 2532-
1910 Corn 46.20 3302 1938 Timothy -- 8050 
1911 Oats 17.88 754 
1912 Wheat 21.99 1320 Average Corn 43.1 3514 
1913 Clover 
--
2964 Average Oats 42.3 2385 
1914 Timothy -- Omitted Average Wheat 30.8 3386 
1915 Timothy -- 5600 Average Clover -- 3485 
1916 Corn 25.60 4340 Average Timothy -- 5655 
-ALL hay was timothy-thiS figure Is 1/2 of hay yield. Averaged in with rest of clover. 
Plot No. 4 
6 YEAR ROTATION - CORN, OATS, WHEAT, CLOVER, TIMOTHY, TIMOTHY 
SOIL TREATMENT, CHEMICAL FERTILIZERS FOR 1/2 MAXIMUM CROP. ALL P, K, AND 1/3 N 
APPLIED AT SEEDING-REMAINDER OF N IN SPRING. MANURE 4 T ON CORN, 
, 1/~ T nN' W""'A'I' .ND SECOND lRASS 
Yl.ld Vllrl 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Wheat 15.83 1800 1918 Wheat 39.20 3654 
1890 Timothy 
--
Omitted 1919 Clover 
--
3293 
1891 Timothy -- Omitted 1920 Timothy -- 4270 
1892 Corn 52.14 1880 1921 Timothy 
--
6160 
1893 Oats 32.19 3770 1922 Corn 62.58 4856 
1894 Clover 
--
3480 1923 Oats 41.56 2072 
1895 Wheat 42.50 5000 1924 Wheat 30.39 3734 
1896 Clover 
--
2700 1925 Clover -- 8162 
1897 Timothy -- 5750 1926 Timothy -- 3557 
1898 Corn 30.00 1580 1927 Timothy 
--
7700 
1899 Oats 44.70 3065 1928 Corn 82.20 4452 
1900 Clover -- 4320 1929 Oats 59.06 2856 
1901 Wheat 43.30 4340 1930 Wheat 36.56 3511 
1902 Timothy 
--
2350 1931 Clover -- 2482-
1903 Timothy 
--
1700 1932 Timothy 
--
7280 
1904 Corn 27.70 1495 1933 Timothy -- 5040 
1905 Oats 30.88 2667 1934 Corn 
--
1922 
1908 Cowpeas 
--
1950 1935 Oats 33.20 2395 
1907 Wheat 24.80 3214 1938 Wheat 30.03 3252 
1908 Timothy .- 7138 1937 Clover '-- 2761 
1909 Timothy 
--
6254 1938 Timothy -- 7070 
1910 Corn 48.80 2366 
1911 Oats 14.83 798 Average Corn 41.0 2903 
1912 Wheat 17.88 2295 Average Oats 50.3 2539 
1913 Clover 
--
3822 Average Wheat 31.1 3466 
1914 Timothy 
--
Omitted Average Clover -- 3878 
1915 Timothy .- 5236 Average Timothy 
--
5348 
1916 Corn 27.20 4676 
1917 Oats 65.50 2688 
BULLETIN 458-SANBORN FIELD 45 
Plot No.5 
CONTINUOUS WHEAT 
SOIL TREATMENTS: 3 T. MANURE AS TOP DRESSING SINCE 1914. 
11888-1913 ' 6 T MANURE ANNUALLY) 
VI. VI@ld 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Wheat 8.08 1100 1919 Wheat 13.53 4774 
1890 Omitted 1920 Wheat 19.83 2772 
1891 Wheat 27. 92 2715 1921 Wheat 12.60 2527 
1892 Wheat 8.83 2290 1922 Wheat 26.67 4256 
1893 Wheat Omitted 1923 Wheat 29.17 2884 
1894 Wheat 30.17 2390 1924 Wheat 14.23 1988 
1895 Wheat 34.33 3840 1925 Wheat 34.30 4326 
1896 Wheat 11.83 1930 1926 Wheat 13.70 1474 
1897 Wheat ' 13.80 1825 1927 Wheat 24.01 2920 
1898 Wheat 4.00 1100 1928 Wheat 12.83 1160 
1899 Wheat 13.60 1300 1929 Wheat 21.58 1077 
1900 Wheat 19.30 2380 1930 Wheat 10.21 1090 
1901 Wheat 23.30 3160 1931 Wheat 28.05 4219 
1902 Wheat 35. 20 6210 1932 Wheat 9.04 1638 
1903 Wheat 17.26 2632 1933 Wheat 22.61 2906 
1904 Wheat Omitted 1934 Wheat 9.33 2534 
1905 Wheat 12.35 1601 1935 Wheat 17.85 4571 
.1906 Wheat 7.15 927 1936 Wheat 12.78 1501 
1907 Wheat 17.10 2216 1937 Wheat 22.5 3704 
1908 Wheat 14.50 1879 1938 Wheat 19.3 2877 
1909 Wheat Omitted 
1910 Wheat 12.68 2968 Average Wheat 17.3 2410 
1911 Wheat 6.50 1196 
1912 Wheat 12.56 1970 
1913 Wheat 15.93 3081 
1914 Wheat 26.63 3707 
1915 Wheat 14.23 1596 
1916 Wheat 8.80 1351 
1917 Wheat 8.30 1295 
1918 Wheat 35.23 3822 
Plot No.6 
ROTATION (SINCE 1928) CORN. OATS. WHEAT. CLOVER. 
SOIL TREATMENT: (SINCE 1928) 6-12-6 @ 300 AND NaNOs @ 100 ON CORN; 20% PHOS. @ 150 ON OATS; 
6-12-6 @ 300 ON WHEAT. (1888-1913; CONTINUOUS CLOVER - 6 T MANURE ANNUALLY) 
(1914 1927 CONTINUOUS COWPEAS 3 T MANURE ANNUALLY) 
-
-
Y1dd VI,lA 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Clover -- 4200 1917 Cowpeae -- 5187 
1890 Clover 
--
5600 1918 Cowpeae -- 5660 
1891 Clover 
--
3620 1919 Cowpea. 
--
3136 
1892 Clover 
--
3000 1920 Cowpea. -- 2156 
1893 Clover -- 3680 1921 Cowpeae -- 3780 
1694 Clover 
--
4040 1922 Cowpea. 
--
2352 
1895 Clover 
--
4800 1923 Cowpea. 
--
3192 
1896 Clover -- 2800 1924 Cowpea. -- 1680 
1897 Clover 
--
1900 1925 Cowpeas -- 9296 
1898 Clover 
--
3000 1926 Cowpea. 
--
3052 
1899 Clover 
--
5180 1927 Cowpeae 
--
6356 
1900 Clover 
--
1400 1928 Cowpeas 
-- 6062 
1901 Clover 
-- 2440 1929 Corn 42.40 2590 
1902 Clover 
--
3200 1930 Oats 34.78 2065 
1903 Clover 
--
Omitted 1931 Wheat 30.65 4613 
1904 Clover 
-- Omitted 1932 Soybeans -- 7420 
1905 Clover -- Omitted 1933 Corn 33.60 1806 
1906 Clover 
--
Omitted 1934 Oats 7.00 798 
1907 Clover 
--
Omitted 1935 Wheat 13.13 4181 
1908 Clover 
--
Omitted 1936 
1909 Cowpeae 
--
3562 1937 Corn 36.9 2145 
1910 Cowpeas 
--
7852 1938 Oats 52.7 2345 
1911 Cowpeae -- 4000 
1912 Cowpeae 
--
8500 Average Clover -- 3257 
1913 Cowpeas 
-- 2210 Average Cowpeas -- 4533 
1914 Cowpeae 
--
5524 Average Wheat 21.9 4397 
1915 Cowpeae 
--
2180 Average Corn 37.6 2180 
1916 Cowpeae 
-- 6708 Average Oats 31.5 1736 
46 MISSOURI AGRI9ULTURAL EXPERIMENT STATION 
Plot No.7 
ROTATION (SINCE 1928) CORN, OATS, WHEAT, CLOVER. 
SOIL TREATMENTS: (SINCE 1928) 6-12-6 @ SOO AND NaNOS @ 100 ON CORN; 20% PHOS. @ 150 
ON OATS. 6-12-6 @ 300 ON WHEAT; 0888-191S; CONTINUOUS CLOVER - NO TREATMENT) 
(1914-1927; CONTINUOUS COWPEAS - NO TREATMENT) 
VIAl" VI,,] 
Year ' Crop Grain Forage Year Crop Grain Forage 
1889 Clover 
--
1890 Clover 
--
1891 Clover 
--
1892 Clover --
1893 Clover 
--
1894 Clover --
1895 Clover --
1896 Clover --
1897 Clover 
--
1898 Clover 
--
1899 Clover 
--
1900 Clover --
1901 Clover 
--
1902 Clover --
1903 Clover --
1904 Clover --
1905 Clover --
1906 Clover 
--
1907 Clover 
--
1908 Clover --
1909 Clover 
--
1910 Oats 13.80 
1911 Clover --
lrt2 Wheat 19.61 
1913 Cowpeas 
--
1914 Cowpea. --
1915 Cowpeas --
1916 Cowpea. --
Year Crop Grain 
1889 Wheat 8.17 
1890 Wheat Omitted 
1891 Wheat 24.58 
1892 Wheat 6.17 
1893 Wheat Omitted 
1894 Wheat 18.00 
1895 Wheat 22.00 
1896 Wheat 2.83 
1897 Wheat 1.66 
1898 Wheat 2.70 
1899 Wheat 2.70 
1900 Wheat 10.70 
1901 Wheat 15,60 
1902 Wheat 28.60 
1903 Wheat 11.48 
1904 Wheat Omitted 
1905 Wheat Omitted 
1906 Wheat 5.85 
1907 Wheat 7.05 
1908 Wheat 7.10 
1909 wheat Omitted 
1910 Wheat 10.51 
1911 Wheat 4.98 
1912 Wheat 1.30 
1913' Wheat 8.83 
1914 Wheat 20.07 
1915 Wheat 1.98 
1916 Wheat 8.40 
1917 Wheat .20 
1918 Wheat 21.00 
2600 1917 Cowpea. 
4S00 1918 Cowpeas 
S720 1919 Cowpea. 
2850 1920 Cowpeas 
1420 1921 Cowpea. 
2550 1922 Cowpeas 
3500 1923 Cowpea. 
2300 1924 Cowpea. 
lS00 1925 Cowpea. 
1320 1926 Cowpeas 
3380 1927 Cowpea. 
720 1928 Cowpea. 
1220 1929 Corn 
2850 1930 Oats 
Abandoned 1931 Wheat 
Abandoned 1932 Soybeans 
Abandoned 1933 Corn 
Abandoned 1934 Oats 
Abandoned 1935 Wheat 
Abandoned 1936 
Omitted 1937 Corn 
1606 1938 Oat. 
Omitted 
2151 Average Clover 
1547 Average Cowpeas 
4056 Average Wheat 
4270 Average Corn 
5684 Average Oats 
Plot No.9 
CONTINUOUS WHEAT 
SOIL TREATMENT - NONE 
VI.ld 
Forage Year Crop 
935 1919 Wheat 
Omitted 1920 Wheat 
2725 1921 Wheat 
1610 1922 Wheat 
--
1923 Wheat 
1880 1924 Wheat 
2880 1925 Wheat 
390 1926 Wheat 
210 1927 , Wheat 
720 1928 Wheat 
318 1929 Wheat 
1360 1930 Wheat 
1855 1931 Wheat 
3935 1932 Wheat 
3276 1933 Wheat 
--
1934 Wheat 
--
1935 Wheat 
758 1936 Wheat 
914 1937 Wheat 
920 1938 Wheat 
--
1444 Average Wheat 
486 
228 
913 
1922 
399 
1197 
112 
21H 
-- 3514 
-- 4760 
-- 2912 
-- 1526 
-- 2996 
-- 1974 
-- 3528 
-- 1400 
-- 8288 
-- 1904 
-- 4060 
-- 4340 
26.40 1708 
38.22 2067 
29.50 4219 
-- 4480 
26.40 1790 • 
7.87 910 
14.00 4564 
40.3 2080 
54.7 1736 
-- 2268 
-- 3549 
21.03 3675 
31.03 1859 
28.65 1580 
Yield 
Grain Forage 
6.12 1242 
7.35 959 
4.90 861 
16. 14 2170 
7.99 756 
9.10 1050 
32;55 3549 
1.08 229 
9.60 2121 
6.49 672 
9.75 1757 
2.25 1090 
29.51 4131 
1.63 259 
13.25 1654 
, 2.10 784 
19.32 2662 
.87 158 
18.00 3540 
13.50 1475 
10.31 1436 
Year 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
Year 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
BULLETIN 458-SANBORN FIELD 
Plot No. 10 
CONTINUOUS WHEAT 
SOIL TREATMENT - 6 T MANURE ANNUALLY 
yj"ld 
Crop Grain Forage Year Crop Grain 
Wheat 15.00 1580 1919 Wheat 12.01 
Wheat Omitted Omitted 1920 Wheat 25.08 
Wheat 31.25 4475 1921 Wheat 16.91 
Wheat 14.00 2920 1922 Wheat 24.22 
Wheat Omitted 
--
1923 Wheat 24.09 
Wheat 34.83 2630 1924 Wheat 24.50 
Wheat 40.67 5160 1925 Wheat 31.26 
Wheat 20.00 1240 1926 Wheat 13.70 
Wheat 6.10 935 1927 Wheat 26.40 
Wheat 5.25 2025 1928 Wheat 15.52 
Wheat 15.80 1690 1929 Wheat 25.43 
Wheat 21.50 2790 1930 Wheat 12.25 
Wheat 25.20 3410 1931 Wheat 25.18 
Wheat 27.10 4830 1932 Wheat 12.36 
Wheat 16.02 3100 1933 Wheat 30.23 
Wheat Omitted Omitted 1934 Wheat 20.06 
Wheat 15.38 1933 1935 Wheat 14.98 
Wheat 8.66 1122 1936 Wheat 10.35 
Wheat 10.80 1400 1937 Wheat 19.00 
Wheat 16.10 2087 1938 Wheat 19.00 
Wheat 15.20 1970 
Wheat 6.21 3234 Average Wheat 18.8 
Wheat 10.30 1538 
Wheat 12.46 2204 
Wheat 16.90 3205 
Wheat 26.37 3707 
Wheat 18.66 1988 
Wheat 10.70 2114 
Wheat 10.90 1820 
Wheat 30.33 3402 
Plot No. 11 
6 YEAR ROTATION - CORN, OATS, WHEAT, CLOVER, TIMOTHY, TIMOTHY. 
SOIL TREATMENTS: (SINCE 19H) 8 T. MANURE ON CORN,S T. ON 
WHEAT AND SECOND GRASS. ROCK PHOS. @ 1000 WITH MANURE 
BEFORE CORN. 0888-1913' 6 T. MANURE ANNUAL ~V) 
Veld 
Crop Grain Forage Year Crop Grain 
Wheat 16.17 1800 1918 Wheat 33.48 
Timothy 
--
3120 1919 Clover --
Timothy 
--
6860 1920 Timothy 
--
Corn 37. 93 1420 1921 Timothy 
--
oats 27.81 1750 1922 Corn 65.03 
Clover 
--
4580 1923 oats 42.44 
Wheat 44.00 5560 1924 Wheat 23.28 
Clover 
--
1280 1925 Clover 
--
Timothy 
--
6700 1926 Timothy 
--
Corn 27.00 1380 . 1927 Timothy 
--
oats 36.70 2525 1928 Corn 75.00 
Clover 
--
7080 1929 oats 55.S6 
Wheat 43.30 66S0 1930 Wheat 30. 05 
Timothy 
--
27S0 1931 Clover 
--
Omitted 1932 Timothy ' 
--
Corn 43.83 1820 , 1933 Timothy --
Oats 28.03 2243 1934 Corn 
--
Cowpeas 
--
1690 1935 oats 38.18 
Wheat 26.43 3426 1936 Wheat 18.45 
Timothy 
-- 7398 1937 Clover --
Timothy 
--
8320 1938 Timothy 
--
Com 51.60 3146 
oats 18.50 1072 Average Corn 40.8 
Wheat 22.48 3129 .Average oats 37.9 
Clover 
--
4303 Average Wheat 27.5 
Timothy 
--
Omitted Average Clover 
--
Timothy 
--
4894 Average Timothy --
Corn 26.60 4410 Average Cowpeas 
--
Oats 56.6 3213 
"All hay was timothy-this figure is 1/ 2 of hay yield. Averaged in with rest of clover. 
47 
Vie' 
Forage 
4697 
3745 
2849 
5278 
3822 
3234 
5012 
2358 
3106 
1500 
3808 
1454 
5028 
1708 
4543 
5138 
4757 
1535 
4460 
4109 
3118 
VI, ld 
Forage 
3451 
4131 
4900 
6104 
4592 
2058 
3140 
6272 
2657 
6860 
4200 
2562 
3120 
260S' 
6720 
3640 
1922 
2980 
2004 
2857" 
5040 
2861 
2300 
3586 
4138 
5425 
1690 
48 MISSOURI AGRICULTURAL EXPERIMENT STATION 
Plot No. 12 
6 YEAR ROTATION - CORN, OATS, WHEAT, CLOVER, TIMOTHY, TIMOTHY. 
SOIL TREATMENTS: (SINCE 1914) 8 T. MANURE ON CORN: 5 T. ON WHEAT AND SECOND GRASS. 
BONE MEAL @ 200 ON CORN AND WHEAT. (1888-1913; 6 T. MANURE ANNUALLY) 
YhId VI In 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Timothy 
--
1500 1917 ' Oats 58.6 2912 
1890 Timothy 
--
4690 1918 Wheat 38.50 4270 
1891 Corn 41.50 2470 1919 Clover -- 1680 
1892 Oats Omitted 
--
1920 Timothy 
-- 5012 
1893 Clover 
-- 5900 1921 Timothy -- 6020 
1894 Wheat 43.50 4090 1922 Corn 63.46 4138 
1895 Timothy 
--
4300 1923 Oats 44.63 2058 
1896 Clover 
--
6080 1924 Wheat 35.06 4315 
1897 Corn 64.80 3920 1925 Clover -- 8120 
1898 Oats 8.00 1104 1926 Timothy -- 2836 
1899 Clover 
--
2380 1927 Timothy -- 6300 
1900 Wheat 28.80 4030 1928 Corn 75.60 4214 
1901 Timothy 
--
Omitted 1929 Oats 55.34 2527 
1902 Timothy 
-- 1750 1930 Wheat 32.76 3119 
1903 . Omitted 1931 Clover 
--
3097" 
1904 Oats 17.47 1398 1932 Timothy -- 6580 
1905 Wheat Omitted Omitted 1933 Timothy 
--
3920 
1906 Omitted 1934 Corn -- 2075 
1907 Timothy 
-- 3250 1935 Oats 38.00 2731 
1908 Timothy 
--
7840 1936 Wheat 25.56 2555 
1909 Corn 31.94 3040 1937 Clover -- 3814 
1910 Oats 34.00 2170 1938 Timothy -- 6860 
1911 Oats 17.40 980 
1912 Wheat 23.29 3332 Average Corn 43.4 3496 
1913 Clover 
-- 5538 Average Oats 34.9 1985 
1914 Timothy 
-- Omitted Average Wheat 32.5 3673 
1915 Timothy 
--
6090 Average Clover -- 4575 
1916 Corn 27.20 4620 Average Timothy -- 4782 
'All hay was timothy-this figure Is 1(2 of hay yield. Averaged In with rest of clover. 
Plot No. 13 
6 YEAR ROTATION - CORN, OATS, WHEAT, CLOVER, TIMOTHY, TIMOTHY. 
SOIL TREATMENT: NONE 
Vi,1rl Vi, n 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Wheat 6.50 820 1920 'Timothy 
--
2716 
1890 Timothy -- 1790 1921 Timothy -- 4004 
1891 Timothy 
--
3920 1922 Corn 36.98 2148 
1892 Corn 25.71 1300 1923 Oats 32.81 938 
1893 Oats 21.88 3160 1924 Wheat 9.80 945 
1894 Clover 
--
1230 1925 Clover 
--
3710 
1895 Wheat 33.00 3170 1926 Timothy 
--
1057 
1896 Timothy 
--
1900 1927 Timothy -- 2800 
1897 Timothy 
--
4600 1928 Corn 47.60 2254 
1898 Corn 25.10 1340 1929 Oats 40.97 1323 
1899 Oats 32.80 12YO 1930 Wheat 2.56 1153 
1900 Clover -- 3780 1931 Clover -- 1246 
1901 Wheat 39.30 3190 1932 Timothy 
--
.. 3500 
1902 Timothy 
--
130 1933 Timothy 
--
1540 
1903 Corn 85.42 4290 1934 Corn -- 922 
1904 Corn 54.20 2145 1935, Oats 37.80 ' 2178 
1905 Oats 16.65 i 1330 1936 Wheat ,4.09 315 
1906 Cowpeas 
--
1040 1937 Clover 
--
1680 
1907 Wheat 10.80 1404 1938 Timothy -- 1960 
1908 Timothy 
--
3536 
1909 ,Timothy -- 2820 Average Corn 37.0 1893 
1910 Corn 39.40 962 Average Oats 30.9 1629 
1911 Oats 13.82 636 Average Wheat 15.2 1544 
1912 Wheat 13.97 1359 Average Clover -- 2059 
1913 Clover 
--
1508 Aver .... e Tlmothv -- 2631 
1914 Timothy -- Omitted 
1915 Timothy 
--
3192 
1916 Corn 19.00 1680 
1917 Oats 51.10 2184 
1918 Wheat 16.80 1540 
1919 Clover -- 1260 
BULLETIN 458-SANBORN FIELD 49 
Plot No. 14 
6 YEAR ROTATION - CORN, OATS, WHEAT, CLOVER, TIMOTHY, TIMOTHY. 
SOIL TREATMENTS: 8 T. MANURE ON CORN; 5 T. ON WHEAT AND SECOND GRASS 
16% SUPERPHOSPHATE @ 300 ON CORN AND WHEAT. U888-1913; 6 T. MANURE ANNUALLY) 
YI,ld Yield 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Oats 29.53 1945 1917 Oats 56.10 2540 
1890 Clover 
--
Omitted 1918 Wheat 38.97 3752 
1891 Wheat 27.00 3140 1919 Clover -- 1134 
1892 Timothy 
--
4280 1920 Timothy 
--
5292 
1893 Timothy 
--
4340 1921 Timothy 
--
5852 
, 1894 Corn 12.00 3440 1922 Corn '60.09 3656 
1895 Oats 25.0Q 1620 1923 Oats 28.66 1400 
1896 Clover 
--
5580 1924 Wheat 31.85 4522 
1897 Wheat 37. 67 4640 1925 Clover -- 6748 
1898 Timothy 
--
5280 1926 Timothy -- 2386 
1899 Timothy 
-- 5040 1927 Timothy -- 5880 
1900 Corn 41.40 2100 1928 Corn 82.20 4242 
1901 Oats 2.30 545 1929 Oats 52.06 2408 
1902 Clover 
--
2100 1930 Wheat 30.58 2741 
1903 Omitted 1931 Clover -- 1884' 
1904 Timothy 
--
Omitted 1932 Timothy -- 6300 
1905 Omitted 1933 Timothy 
--
3080 
1906 Corn 
--
Omitted 1934 Corn 
--
1844 
1907 Oats 34.93 2795 1935 Oats 39.41 2266 
1908 Clover -- Omitted 1936 Wheat 22.23 2362 
1909 Wheat 16.50 2138 1937 Clover -- 2630' 
1910 Corn 52.90 2302 1938 Timothy -- 6720 
1911 Oats 23.98 1220 
1912 Wheat 21.99 3419 Average Corn 38.4 2972 
1913 Clover 
--
5018 Average Oats 32.4 1859 
1914 Timothy 
--
Omitted Average Wheat 28.3 3339 
1915 Timothy 
--
6342 Average Clover 
--
3584 
1916 Corn 21.20 3220 Average Timothy -- 5066 
'All hay was timothy-this figure Is 1/2 of hay yield. Averaged In with rest of clover. 
Plot No. 15 
CONTINUOUS OATS 
SOIL TREATMENT: 6 T. MANURE ANNUALLY 
YI,ld VI,ld 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Oats 36.88 2507 1919 Oats 26.03 3927 
1890 Oats Omitted 
--
1920 Oats 46.37 3472 
1891 Oats 25.94 3970 1921 Oat. 46.81 2394 
1892 Oats Omitted 
--
1922 Oat. 24.17 1526 
1893 Oats 30.63 1480 1923 Oats 63.00 2814 
1894 Oats 30.31 1390 1924 Oats 46.59 1925 
1895 Oats 42.18 2750 1925 Oats 58.84 2066 
1896 Timothy -- 4400 1926 ,Oats 51.62 2618 
1897 Oats 36. 00 3000 1927 Oats 48.13 3102 
1898 Oats 4.70 390 1928 Oats 67.81 2345 
1899 Oats 27.30 1285 1929 Oats 45.06 2226 
1900 Oats 49.80 2415 1930 Oats 29.42 2099 
1901 Oats 2.00 430 1931 Oats 51.84 2902 
1902 Oats 15.10 1065 1932 Oats ~2.81 2058 
1903 Oats Omitted -- 1933 Oats 49.37 2107 
1904 Oats 31.30 2504 1934 Oats 7.00 1470 
1905 Oats 19.09 1527 1935 Oats 33.64 1583 
1906 Oats 34.13 2720 1936 Oats 32.40 1978 
1907 Oats 37.37 2990 1937 Oats 51.6 1890 
1908 Oats 29.04 2323 1936 Oats '23.0 2436 
1909 Oats 15.84 1267 
1910 Oats 29.74 2584 Average Oats ' 33.0 2200 
1911 Oats 26.10 1460 
1912 Oats 32.44 2288 
1913 Oats 9.55 1144 
19a Oats 5.28 1033 
1915 Oats 35.81 2338 
1916 Oats 30. 20 2296 
1917 Oats 65.10 3122 
1918 Oats 36.08 1771 
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Plot No. 16 
CONTINUOUS OATS 
SOIL TREATMENT' NONE 
Yield 
Year Crop Grain 
1889 Qats 27.35 
1890 Qats Omitted 
1891 Qats 18.44 
1892 Oats Omitted 
1893 Oats 17.82 
1894 Qats 30. 94 
1895 Oats 28.13 
1896 Tlmothy* --
1897 Qats 11.0 
1898 Qats 2.50 
1899 Qats 13.40 
1900 Oats 24.80 
1901 Qats 1.10 
1902 Oats 20.80 
1903 Qats Omitted 
1904 Oats 7.30 
1905 Qats 7.31 
1906 Oats 17.06 
1907 Qats 21.93 
1908 Oats 10.16 
1909 Qats 12.19 
1910 Oats 9.03 
1911 Qats 5.01 
1912 Qats 29.34 
1913 Oats 3.86 
1914 Qats 4.06 
1915 Qats 30.62 
1916 Qats 29.00 
1917 Oats 53.70 
1918 Oats 19.90 
*Not added in oat forage .total. 
Year Crop Grain 
1889 Corn 27.14 
1890 Corn 41.14 
1891 Corn 32.07 
1892 Corn 42.14 
1893 Corn 24.86 
1894 Corn 17.14 
1895 Corn 31.43 
1896 Corn 21.00 
1897 Corn 22.90 
1898 Corn 23.90 
1899 Corn 19.40 
1900 Corn 16.BO 
1901 Corn 5.70 
1902 Corn 38.00 
1903 Corn 29.53 
1904 Corn 17.10 
1905 Corn 11.88 
1906 Corn 
--
1907 Corn 11.70 
1908 Corn 4.45 
1909 Corn 1.30 
1910 Corn 1.85 
1911 Corn 13.18 
1912 Corn 27. 01 
1913 Corn 6.96 
1914 Corn 28.78 
1915 Corn 38.00 
1916 Corn 7.40 
1917 Corn 27.59 
1918 Corn 14.40 
1919 Corn 19.60 
VI. In 
Forage Year 
2207 1919 
--
1920 
3540 1921 
--
1922 
840 1923 
1270 1924 
1080 1925 
2850* 1926 
450 1927 
260 1928 
550 1929 
1105 1930 
190 1931 
785 1932 
-- 1933 
584 1934 
585 1935 
1365 1936 
1754 1937 
813 1938 
994 
542 Average Oats 
320 
1248 
338 
432 
1722 
1036 
2044 
772 
Plot No. 17 
CONTINUOUS CORN 
SOIL TREATMENT' NONE 
Foralle Year 
3070 1920 
2190 1921 
1870 1922 
3550 1923 
3660 1924 
2160 1925 
2300 1926 
1590 1927 
1900 1928 
1340 1929 
1200 1930 
1200 1931 
750 1932 
1800 1933 
· 1954 1934 
2275 1935 
1612 1936 
--
1937 
1196 1938 
3470 
Crop 
Qats 
Oats 
Oats 
Qats 
Qats 
Qats 
Oats 
Oats 
Qats 
Qats 
Oats 
Qats 
Qats 
Qats 
Qats 
Qats 
Oats 
Qats 
Qats 
Qats 
Crop 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
Corn 
1886 Average Corn 
754 
1677 
1469 
2730 
2878 
27'4 
1988 
1610 
2884 
2240 
V!!ld 
Grain Forage 
25.59 805 
15.31 588 
42.00 1246 
10.94 420 
21 .88 658 
24.50 777 
21.44 567 
28.22 917 
34.78 1327 
32.81 1162 
17.94 664 
16.13 969 
34.52 1983 
9.62 434 
20.56 791 
3.06 490 
33.42 1884 
7.66 259 
60.60 1842 
10.5 693 
20.1 1012 
VI,·ln 
Grain Forage 
28.70 2408 
24.20 2578 
24.66 2124 
12.59 2531 
19.85 1812 
7.90 2027 
5.65 2338 
9.80 3150 
16.37 1638 
2.80 2028 
5. 00 1190 
40.00 2254 
16.00 2114 
14.80 1218 
C. F. 1213 
15.20 2156 
C. F. 1400 
21.30 1430 
16.8 1960 
18.5 2027 
BULLETIN 458-SANBORN FIELD 51 
Plot No. 18 
CONTINUOUS CORN 
SOIL TREATMENT' 6 T MANURE ANNUALLY 
Yle:d Vhld 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Corn 34.86 4020 1919 Corn 39.10 3192 
1890 Corn 60.71 3350 1920 Corn 50.80 3122 
1891 Corn 36.36 2990 1921 Corn 42.83 3556 
1892 Corn 51.43 2200 1922 Corn 44.95 3954 
1893 Corn 34.00 3340 1923 Corn 42.57 4486 
1894 Corn 30.29 3040 1924 Corn 37.84 2640 
1895 Corn 64.31 3900 1925 Corn 33.95 2894 
1896 Corn 46.42 2790 1926 Corn 19.75 4984 
1897 Corn 47.20 2700 1927 Corn 24.20 2310 
1898 Corn 25.60 1380 1928 Corn 35.60 2366 
1899 Corn 31.90 2000 1929 Corn 7.80 2949 
1900 Corn 28.60 1500 1930 Corn 4.00 2380 
1901 Corn 11.30 1450 1931 Corn 50.00 3822 
1902 Corn 79.40 3060 1932 Corn 38.30 3304 
1903 Corn 55.54 2808 -1933 Corn 32.40 2254 
1904 Corn 13.37 1885 1934 Corn 
--
2055 
1905 Corn 64.25 3652 1935 Corn 17.8 1764 
1906 Corn Omitted 
--
1936 Corn 
--
3220 
1907 Corn 33.42 1768 1937 Corn 42.7 2470 
1908 Corn 11.70 3992 1938 Corn 44.8 3220 
1909 Corn 16.57 2938 
1910 Corn 6.50 1418 Average Corn 33.1 2953 
1911 Corn 25.07 2690 
1912 Corn 30.82 1625 
1913 Corn 19.22 3870 
1914 Corn 33.89 4079 
1915 Corn 45.70 3332 
1916 Corn ) 14.60 3066 
1917 Corn 35.59 3668 
1918 Corn 22.40 5166 
Plot No. 19 
6 YEAR ROTATION - CORN, OATS, WHEAT, CLOVER, TIMOTHY, TIMOTHY. 
SOIL TREATMENTS: 8 T. MANURE ON CORN; 5 T ON WHEAT AND SECOND GRASS. 
(1888-1913 ' 6T. MANURE ANNUALLY) 
vtfld VI, :d 
Year Crop Grain Forage Year Crop Grain' Forage 
1811'9 Corn 28.43 3340 1917 oats 62.90 2968 
1890 Oats Omitted 
--
1918 Wheat 27.53 2758 
1891 Clover -- 3020 1919 Clover -- Omltte d 
1892 Wheat 14.83 4590 1920 Timothy -- 4536 
1893 Timothy 
--
3280 1921 Timothy -- 5712 
1894 Timothy 
--
4880 1922 Corn 65.85 5406 
1895 Corn 80.00 4700 1923 oats 42.77 2002 
1896 Timothy 
--
5000 1924 Wheat 27.77 3493 
1897 Clover 
--
5400 1925 Clover -- 7112 · 
1898 Wheat 9.50 2850 
I 
1926 Timothy -- 2057 
1899 Timothy 
--
4700 1927 Timothy -- 7140 
1900 Timothy 
--
5500 1928 Corn 80.00 3906 
1901 Corn 15.80 1775 1929 oats 55.34 1967 
1902 oats Omitted 
--
1930 Wheat 17.65 1787 
1903 Omitted 1931 Clover -- 2585-
1904 Wheat Omitted 1932 Timothy .- 6(40 
1905 Omitted 1933 Timothy -- 3500 
1906 Timothy -- Omitted 1934 Corn -- 1998 
1907 Corn 53.48 2327 1935 oats 35.96 2027 
1908 oats 26.41 2113 1936 Wheat 15.33 1628 
1909 Cowpea. 
--
4784 1937 Clover -- 2692-
1910 Wheat 19.17 4134 1938 Timothy -- 5600 
1911 oats 22.45 940 3465 1912 Wheat 12.86 1930 Average Corn 44.8 
1913 Clover 
--
5109 Average oats 40.9 2000 
1914 Timothy 
--
Omitted Average Wheat 18.0 ' 2817 
1915 Timothy -- 8084 Average Clover -- 4319 
1916 Corn 35.20 4270 Average Timothy -- SlOB 
-All hay was timothy-this figure Is 1/2 of hay yield. Averaged In with rest of clover. 
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Plot No. 20 
6 YEAR R,OTATION - CORN, OATS, WHEAT, CLOVER, TIMOTHY, TIMOTHY. 
SOIL TREATMENT: 6 T. MANURE ANNUALLY 
Vleld 
. YiEld 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Timothy 
--
2950 1917 Oats 60.50 2876 
1890 Timothy -- 5040 1918 Wheat 34.30 3990 
1891 Corn 41.71 2960 1919 Clover 
--
Omitted 
1892 Oats Omitted 
--
1920 Timothy 
--
4088 
1893 Clover 
--
4540 1921 Timothy -- 5880 
1894 Wheat 41.33 4070 1922 Corn 66.26 5402 
1895 Timothy 
--
4400 1923 Oats 49.00 2016 
1896 Clover 
--
5700 1924 Wheat 25.90 3756 
1897 Corn 64.80 3750 1925 Clover 
--
8316 
1898 Oats 4.70 910 1926 Timothy -- 2843 
1899 Clover 
--
2400 1927 Timothy 
--
6300 
1900 Wheat 33.70 3740 1928 Corn 84.40 4200 
1901 Timothy 
--
Omitted 1929 Oats 60.37 2338 
1902 Timothy 
--
2000 1930 Wheat 26.56 3232 
1903 Corn 78.74 4472 1931 Clover -- 2445· 
1904 Oats 25.20 2016 1932 Timothy 
--
7140 
1905 Omitted 1933 Timothy 
--
4760 
1906 Wheat 18.83 2440 1934 Corn -- 2382 
1907 Timothy -- 4160 1935 Oats 37.10 2270 
1908 Timothy 
--
7240 1936 Wheat 20.7 2566 
1909 Corn 28.79 2510 1937 Clover -- 3041· 
1910 Oats 44.05 2978 1938 Timothy -- 7140 
1911 Oats 17.88 800 
1912 Wheat 16.09 2875 Average Corn 49.0 3717 
1913 Clover 
--
4810 Average Oats 37.3 2026 
1914 Timothy -- Omitted Average Wheat 27.2 3334 
1915 Timothy -- 6818 Average Clover -- 4484 
1916 Corn 28.00 4060 Average Timothy -- 5054 
·All hay was timothy-this figure Is 1/2 of hay yield. Averaged In with rest of clover. 
Plot No. 21 
CONTINUOUS WHEAT 
SOIL TREATMENTS: 200* 16% PHOS. ANNUALLY <1888-1913; 6 T. MANURE ANNUALLY) 
VI .. I VI. 
Year Crop Grain Forage Year Crop Grain Farag e 
1869 Wheat 11.83 1910 1920 Wheat 28.00 3360 
1890 Wheat Omitted Omitted 1921 Wheat 26.71 :*:: 1891 Wheat 30.83 5370 1922 Wheat 27.30 1892 Wheat 24.00 3360 1923 Wheat 32.78 4284 
1893 Wheat Omitted 
--
1924 Wheat 26.13 3332 
1894 Wheat 39.17 3060 1925 Wheat 29.63 3850 
1895 Wheat 43.33 4800 1926 Wheat 11.70 1114 
1896 Wheat 20.17 2950 1927 Wheat 23. 00 2798 
1897 Wheat 8.40 1195 1928 Wheat 19.90 1808 
1898 Wheat 6.30 , 1580 1929 Wheat 7.04 1498 
1899 Wheat 15.80 1590 1930 Wheat 4.35 2462 
1900 Wheat 23.50 3330 1931 Wheat 26.44 2660 
1901 Wheat 24.12 3420 1932 Wheat 19.13 4358 
1902 Wheat 32.60 6790 1933 Wheat 33.41 43S8 
1903 Wheat 6.82 2450 1934 Wheat 24.50 3598 
1904 Wheat Omitted 
--
1935 Wheat 18.96 3948 
1905 Wheat 15.60 2022 1936 Wheat 8.18 993 
1906 Wh,at 7.15 927 1937 Wheat 22.20 3468 
1907 Wheat 24.05 3117 1938 Wheat 16.10 2226 
1908 Wheat 23.90 3097 
1909 Wheat 11.70 1516 Average Wheat 21.0 3029 
1910 Wheat Omltted 
--
1911 Wheat 30.55 3472 
1912 Wheat 12.07 2384 
1913 Wheat 17.44 3387 
1914 Wheat 28.41 . 3974 
1915 Wheat 22.16 2660 
1916 Wheat 7.80 ,1449 
1917 Wheat 14.90 2352 
1918 Wheat 34.42 3815 
1919 Wheat 18.31 4641 
Year Crop 
1889 Timothy 
1890 Timothy 
1891 Timothy 
1892 Timothy 
1893 Timothy 
1894 Timothy 
1895 Timothy 
1896 Timothy 
1897 Timothy 
1898 Timothy 
1899 Timothy 
1900 Timothy 
1901 Timothy 
1902 Timothy 
t903 Timothy 
1904 Timothy 
1905 Timothy 
1906 Timothy 
1907 Timothy 
1908 Timothy 
1909 Timothy 
1910 Timothy 
1911 Timothy 
1912 Timothy 
1913 Timothy 
1914 Timothy 
1915 Timothy 
t916 Timothy 
1917 Timothy 
1918 Timothy 
1919 Timothy 
Year Crop 
1889 Timothy 
1890 Timothy 
1891 Timothy 
1892 Timothy 
1893 Timothy 
1894 Timothy 
1895 Timothy 
1896 Timothy 
1897 Timothy 
1898 Timothy 
1899 Timothy 
1900 Timothy 
1901 Timothy 
1902 Timothy 
1903 Timothy 
1904 Timothy 
1905 Timothy 
1906 Timothy 
1907 Timothy 
1908 Timothy 
1909 Timothy 
1910 Timothy 
1911 Timothy 
1912 Timothy 
1913 Timothy 
1914 Timothy 
1915 Timothy 
1918 Timothy 
1917 Timothy 
1918 Timothy 
BULLETIN 458-SANBORN FIELD 
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Plot No. 22 
CONTINUOUS TIMOTHY 
SOIL TREATMENT' 6 T MANURE ANNUALLY 
Yield 
Grain 
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
-- , 
--
--
--
--
--
--
--
--
Vi"ld 
Grain 
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
--
Forage Year Crop 
2100 1920 Timothy 
5790 1921 Timothy 
7600 
" 
1922 Timothy 
6960 1923 Timothy 
6200 1924 Timothy 
4640 1925 Timothy 
6500 1926 Timothy 
5840 1927 ", Timothy 
6100 1928 Timothy 
5980 1929 Timothy 
4760 1930 Timothy 
4800 1931 Timothy 
2400 1932 Timothy 
5700 1933 Timothy 
Omitted 1934 Timothy 
Omitted 1935 Timothy 
Omitted 1936 Timothy 
2275 1937 Timothy 
2730 1938 Timothy 
7812 
6032 Average Timothy 
4160 
2600 
6110 
3042 
889 
6880 
"6650 
5586 
2240 
4200 
Plot No. 23 
CONTINUOUS TIMOTHY 
SOIL TREATMENT: NONE 
Forage Year Crop 
1600 1919 Timothy 
2290 1920 Timothy 
4760 1921 Timothy 
4000 1922 Timothy 
3820 1923 Timothy 
3880 1924 Timothy 
5440 1925 Timothy 
2480 1926 Timothy 
2400 1927 Timothy 
3000 1928 Timothy 
2260 1929 Timothy 
2500 1930 Timothy 
1150 1931 Timothy 
4500 1932 TimothY 
Omitted 1933 Timothy 
Omitted 1934 Timothy 
Omitted 1935 Timothy 
1820 1936 Timothy 
Omitted 1937 Timothy 
3654 1938 Timothy 
2148 
2340 Average Timothy 
Omitted 
4550 
1339 
546 
3278 
3220 
2142 ' 
· 490 
53 ' 
Vi.ld 
Grain Forage 
--
5348 
-- 6048 
-- 6678 
--
7056 
--
7828 
--
6412 
-- 2643 
--
6720 
--
5320 
--
7000 
--
4340 
--
4708 
-- 7140 
-- 4060 
-- 3920 
-- 3444 
--
2352 
--
4842 
-- 7140 
--
5097 
VI,M 
Grain Forage 
--
882 
--
2702 
-- 2576 
--
1904 
--
1876 
--
2380 
--
1680 
--
593 
--
2520 
, -- 2380 
-- 3360 
--
1400 
-. 1386 
--
3513 
-- 1400 
-- 2800 
--
2380 
-- 140 
--
4900 
--
3500 
--
2530 
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Year 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
Year 
1869 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
Plot No. 24 
CONTINUOUS WHEAT 
- , SOIL TREATMENT' NONE 0888 1913' 6 T MANURE ANNUALLY) 
Crop 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Wheat 
Crop 
Corn 
Clover 
Wheat 
Corn 
Clover 
Wheat 
Corn 
Clover 
Wheat 
Corn 
Clover 
Wheat 
Corn 
Clover 
Omitted 
Corn 
Omitted 
Wheat 
Corn 
Wheat 
Cowpeas 
Corn 
Wheat 
Cowpeas 
Corn 
Wheat 
Cowpeas 
Corn 
Wheat 
CloVer 
Corn 
V'D: 
Grain Forage Year Crop 
17.00 1780 1920 Wheat 
Omitted 
-- 1921 Wheat 
30.60 2065 1922 Wheat 
13.67 3540 1923 Wheat 
Omitted 
--
1924 Wheat 
31.17 3170 1925 Wheat 
39.17 5950 1926 Wheat 
18.66 2100 1927 Wheat 
8.20 1060 1928 Wheat 
4.80 1390 1929 Wheat 
12.00 1140 1930 Wheat 
19.30 2920 1931 Wheat 
23.60 1485 1932 Wheat 
30.10 4840 1933 Wheat 
7.47 2440 1934 Wheat 
Omitted -- 1935 Wheat 
15.60 2022 1936 Wheat 
11.83 1533 1937 Wheat 
23.07 2980 1938 Wheat 
24.77 3320 
13.80 1788 Average Wheat 
Omitted 
--
28.55 3318 
10.72 1970 
17.33 2743 
30.58 3554 
18,43 1442 
10.50 1414 
9.30 1540 
27.88 3053 
12. 77 4273 
Plot No. 25 
3 YEAR ROTATION - CORN, WHEAT, CLOVER. 
SOIL TREATMENT' 6 T MANURE ANNUALLY 
Vip) 
Grain Forage Year Crop 
'. 37.71 3310 1920 Wheat 
--
Omitted 1921 Cowpeas 
17.00 1690 1922 Corn 
52.00 5400 1923 Wheat 
--
5880 1924 Clover 
39.67 2500 1925 Corn 
77.14 3800 1926 Wheat 
-- 2040 1927 Clover 
20.17 2490 1928 Corn 
25.20 1400 1929 Wheat 
--
3240 1930 Clover 
23.50 3390 1931 Corn 
8.20 1050 1932 Wheat 
--
Omitted 1933 Clover 
1..934 Corn 
38.70 1534 1935 , Wheat 
1936 Clover 
17.11 2217 1937 Corn 
56.64 2080 1938 Wheat 
29.40 3910 
--
4446 Average Corn 
28.04 1600 Average Wheat 
32.12 3286 Average Clover 
--
7410 Average Cowpeas 
25.07 6669 
35.67 4074 
--
6146 
24.80 3038 
31.00 4312 
--
5906 
72.10 6720 
Grain 
19.13 
22.98 
21.86 
25.61 
18.14 
26.36 
5.10 
18.23 
8.51 
9.05 
1.05 
25.14 
12.60 
20.16 
11.90 
12.64 
4.34 
16.70 
16.30 
17.5 
Grain 
26.72 
--
65.17 
27.53 
--
66.55 
18.50 
--
82.80 
26.09 
--
58.40 
29.26 
--
--
10.46 
--
36.4 
18.2 
44.4 
25.1 
--
--
V':'A 
Forage 
2506 
2100 
3458 
2492 
2068 
3049 
614 
2245 
783 
1540 
1286 
3248 
1708 
2388 
2058 
2333 
369 
2148 
2289 
2337 
VI, ,M 
e Forag 
3122 
3766 
4344 
4396 
4438 
3334 
1790 
8890 
4068 
3552 
3220 
3500 
3570 
1960 
2571 
' 3673 
Omitte d 
2275 
3675 
3334 
3228 
4446 
5442 
Year 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
Year 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
IB99 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 . 
1916 
1917 
1918 
1919 
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Plot No. 26 
3 YEAR ROTATION - CORN, WHEAT, CLOVER. 
SOIL TREATMENTS: LIME WHEN NEEDED. 200* 16% PHOS. BEFORE CORN AND }VHEAT 
Cl888 - 1913 ' 6 T MANURE ANNUALLY' 1914 1928 9 T MANURE BEFORE CORN) 
-
Corn 
Clover 
Clover 
Corn 
Clover 
Wheat 
Corn 
Clover 
Wheat 
Corn 
Clover 
Wheat 
Corn 
Clover 
Wheat 
Corn 
Clover 
Wheat 
Corn 
Clover 
Clover 
Cor n 
Wheat 
Wheat 
Cowpeas 
Corn 
Wheat 
Cowpeas 
Corn 
Wheat 
Clover 
Crop 
Wheat 
Corn 
Clover 
Wheat 
Corn 
Clover 
Wheat 
Corn 
Clover 
Wheat 
Corn 
Clover 
Wheat 
Corn 
Omitted 
Wheat 
Corn 
Cowpeas 
Corn 
Wheat 
Cowpeas 
Corn 
Wheat 
Cowpeas 
Corn 
Wheat 
Cowpeas 
Corn 
Wheat 
Clover 
Corn 
Vi@ 
Grain Forage Year Crop 
-- 2300 1919 Corn 
-- 5320 1920 Wheat 
41.71 2450 1921 Cowpeas 
--
Omitted 1922 Corn 
9.00 1480 1923 Wheat 
33.71 3720 1924 Clover 
-- 4600 1925 Corn 
31.50 4550 1926 Wheat 
45.40 2660 1927 Clover 
-- Omitted 1928 Corn 
16.60 1620 1929 Wheat 
47. 90 2320 1930 Clover 
-- Omitted 1931 Corn 
25.50 6520 1932 Wheat 
82.08 3900 1933 Clover 
--
Omitted 1934 Corn 
22.31 2891 1935 Wheat 
Omitted 
--
1936 Clover 
-- Omitted 1937 Corn 
-- 5450 1938 Wheat 
22. 29 1833 
9.64 2818 Average Cor n 
31.80 3424 Average Wheat 
--
8710 Average Clover 
24.14 7176 Average Cowpeas 
36.69 5594 
--
' 4510 
26.80 3444 
35.30 4140 
-- 4494 
Plot No. 27 
3 YEAR ROTATION - CORN, WHEAT, CLOVER 
SOIL TREATMENT' NONE 
Yi"ld 
Grain Forage Year Crop 
14.92 1505 1920 Wheat 
28.36 1990 1921 Cowpeas 
--
Omitt.,d 1922 Corn 
9.17 1450 1923 Wheat 
24. 29 2500 1924 Clover 
--
1350 1925 Corn 
27.50 2400 1926 Wheat 
34.85 2020 1927 Clover 
--
2660 1928 Corn. 
5.00 1910 1929 Wheat 
25.50 1320 1930 Clover 
--
1800 1931 Corn 
23.30 2960 1932 Wheat 
65.30 1850 1933 Clover 
1934 Corn 
Omitted -- 1935 Wheat 
50.70 2470 1936 Clover 
-- 1300 1937 Corn 
47.17 2665 1938 Wheat 
6.90 1294 
--
2054 Average Corn 
16.57 1522 Average Wheat 
11.48 1170 Average Clover 
-- 4450 Average Cowpeas 
p.93 5837 
18.09 1452 
-- 2688 
19.60 2604 
13.50 1316 
--
1862 
40.80 4900 
Vi,ld 
Grain Forag 
60.50 4760 
27.18 2870 
--
3766 
60.79 4134 
30.45 2660 
-- 3444 
62.40 3428 
12.20 1057 
--
6140 
72.00 3374 
26.90 3164 
-- 3080 
54.00 3065 
30.10 I 4550 
-- 2800 
-- 2882 
11.64 4089 
--
0000 
39.20 2275 
22.4 4186 
44.8 3428 
23.6 3475 
-- 3302 
-- 5662 
YI"ld 
Grain Forag e 
10.62 1036 
-- 2422 
44.47 2628 
15.17 1288 
-- 2002 
39.70 2445 
5.10 404 
-- 1614 
46.00 2044 
8.37 1052 
-- 840 
41.00 2212 
4.66 602 
--
1120 
-- 1460 
17.33 2753 
-- --
1.65 1105 
13.5 1694 
31.7 2445 
12.7 1517 
--
1472 
--
2582 
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Plot No. 28 
3 YEAR ROTATION - CORN, WHEAT, CLOVER 
SOIL TREATMENT: 4-12-4 @ 200 ON CORN AND WHEAT Cl888-1913; 6 T. MANURE ANNUA1..LY; 
1914 1927 NO TREATMENT) 
-
Yield YiEld 
Year Crop Grain Forage Year Crop Grain Farag e 
1889 Wheat 18.42 2445 1919 Corn 67.70 4900 
1890 Corn 45.79 2220 1920 Wheat 22.74 2296 
1891 Clover -- Omitted 1921 Cowpea. -- 3514 
1892 Wheat 24.17 4200 1922 Corn 56.58 3566 
1893 Corn 34.60 3500 1923 Wheat 31.50 3388 
1894 Clover .. 3500 1924 Clover .. 2520 
1895 Wheat 42.33 4460 1925 Corn 65.25 3257 
1896 Corn 51.42 2720 1926 Wheat 13.10 1068 
1897 Clover -- 7440 1927 Clover -- 4200 
1898 Wheat 15.70 2720 1928 Corn ~~:~~ 3038 1899 Corn 37.90 1860 1929 Wheat 2964 
1900 Clover .. 4600 1930 Clover .. 2590 
1901 Wheat 34.50 4500 1931 Corn 52.00 3374 
1902 Corn 88.60 1850 1932 Wheat 29.93 3808 
1903 Omitted Omitted -- 1933 Clover .. 3360 
1904 Wheat Omitted .. 1934 Corn .. 2075 
1905 Corn 77.62 3315 1935 Wheat 15.12 4020 
1906 Cowpeas .. 1820 1936 Clover .. .. 
1907 Corn 65.92 3679 1937 Corn 35.80 2210 
1908 Wheat 29.20 3784 1938 Wheat 18.30 3164 
1909 Cowpeas .. 3042 
1910 Corn 65.92 3679 Average Corn 47.9 3257 
1911 Wheat 33.58 3586 Average Wheat 26.5 3399 
1912 Cowpea. -- 7150 Average Clover .. 3626 
1913 Corn 24.70 7059 Average Cowpea. .. 4401 
1914 Wheat 35.54 4278 
1915 Cowpeas .. 6482 
1916 Corn 27.80 4130 
1917 Wheat 37.00 3710 
1918 Clover -- 4424 
Plot No. 29 
CONTINUOUS WHEAT 
SOIL TREATMENTS: AMMONIUM SULFATE @ lQO, ONE HALF APPLIED IN SPRING 
(1888 1913' 6 T MANURE ANNUALLY) 
-
Vie d V\"lrl 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Wheat 25.42 3205 1919 Wheat 5.72 3381 
1890 Wheat Omitted .. 1920 Wheat 11.67 1496 
1891 Wheat 33.83 4450 1921 Wheat 3.62 1239 
1892 Wheat 23.50 2950 1922 Wheat 21.02 2940 
1893 Wheat Omitted .. 1923 Wheat 12.95 1246 
1894 Wheat 29.75 3840 1924 Wheat 10.15 2618 
1895 Wheat 36.00 3890 1925 Wheat 33.36 3605 
1896 Wheat 9.83 1230 1926 Wheat 3.70 427 
1897 Wheat 8.33 650 1927 Wheat 8.29 1532 
1896 Wheat 3.16 890 1928 Wheat 13.18 1071 
1899 Wheat 3.00 300 1929 Wheat 19.65 2922 
1900 Wheat 10.50 1230 1930 Wheat 3.15 1395 
1901 Wheat 21.00 940 1931 Wheat 32.88 4400 
1902 Wheat 31.50 2920 1932 Wheat 1.16 329 
1903 Wheat 10.82 2115 1933 Wheat 12.04 1363 
1904 Wheat Omitted .. 1934 Wheat 2.56 868 
1905 Wheat 19.28 2499 1935 Wheat 11.27 3243 
1906 Wheat 8.01 1038 1936 Wheat 2.68 203 
1907 Wheat 9.53 1235 1937 Wheat 16.80 3052 
1908 Wheat 16.40 2125 1938 Wheat 9.50 1162 
1909 Wheat 10.'0 1348 
1910 Wheat Omitted .. Average Wheat 14.5 2006 
1911 Wheat 19.71 2340 (1888-1938 ) 
1912 Wheat 11.37 1794 12.5 1954 
1913 Wheat 16,79 2431 <1914-1938 ) 
1914 Wheat 29.56 3210 
1915 Wheat 8.40 1190 
1916 Wheat 10,80 2485 
1917 Wheat 8.60 1428 
1918 Wheat 19.48 2051 
BULLETIN 458-SANBORN FIELD 57 
Plot No. 30 
CONTINUOUS WHEAT 
SOIL TREATMENTS: SODIUM NITRATE @125, ONE HALF APPLIED IN SPRING 
<1888 1913 ' 6 T MANURE ANNUALLY) . 
-
, 
Ylel VI,lrl 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Wheat 20.92 2045 1919 Wheat 11.78 3633 
1890 Wheat Omitted 
--
1920 Wheat 29.52 3220 
1891 Wheat 31.92 4355 1921 Wheat 14.70 1603 
1892 Wheat 26.17 3210 1922 Wheat 20.02 3948 
1893 Wheat Omitted 
--
1923 Wheat 24.38 2758 
1894 Wheat 33.58 3085 1924 Wheat 19.48 2478 
1895 Wheat 41.33 3970 1925 Wheat 31.67 4280 
1896 Wheat 26.00 2980 1926 Wheat 9.70 1334 
1897 Wheat 14.80 1810 1927 Wheat 22.00 2894 
1898 · Wheat B.50 2210 1928 Wheat 14.B1 1141 
1899 Wheat 15.70 1580 1929 Wheat 24.32 3370 
1900 Wheat 16.70 2260 1930 Wheat 2.43 1391 
1901 Wheat 28.50 3510 1931 Wheat 25;73 4304 
1902 Wheat 25. BO 5430 1932 Wheat 5.36 1904 
1903 Wheat 7.36 27io 1933 Wheat 22.05 2765 
1904 Wheat Omitted 
--
1934 Wheat 7.93 1876 
1905 Wheat 29.66 3844 1935 Wheat 20.81 3903 
1906 Wheat 11.26 1459 1936 Wheat 11.24 991 
1907 Wheat 11.37 1474 1937 Wheat 24.60 3796 
1908 Wheat 19.10 2475 1938 Wheat 18.20 2947 
1909 Wheat 10.40 1348 
1910 Wheat Omitted 
--
Average Wheat 19.2 2737 
1911 Wheat 18.35 2490 <1888-1938 ) 
1912 Wheat 12.02 2763 18.1 2700 
1913 Wheat 22.53 3510 11914- 1938 ) 
1914 Wheat 28.17 3B14 
1915 Wheat 14.23 2463 
1916 Wheat 11.60 2310 
1917 Wheat 10.20 1708 
1918 Wheat 26.25 2569 
Plot No. 31 
3 YR. ROTATION" CORN, SOYBEANS, 'WHEAT - SWEET CLOVER (UNDER) 
SOIL TREATMENT: LIMESTONE WHEN NEEDED, 20% PHOS. @ 250 AND 50% KCI @ 100 ON CORN 
AND WHEAT 11888-1927' ROTATION WHEAT AND CUlVER 6 T MANURE ANNUALLY) , 
Yield YI"ld 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Wheat 21.33 2030 1919 Wheat . 15.16 5376 
1890 Clover 
--
32Q/) 1920 Clover 
--
1848 
1891 
• 
Wheat 31.35 4935 1921 Wheat 7.47 2268 
1892 Clover 
--
4760 1922 Clover 
--
5778 
1893 Wheat 9.33 1860 1923 Wheat 20.42 4620 
1894 Clover -- 5380 1924 Clover -- 6146 
1895 Wheat 43.33 3940 1925 Wheat 36.50 5306 
1896 Clover 
--
2200 1926 Soybean. -. 6146 
1897 Wheat 80.88 3680 1927 Wheat 27.41 2940 
1898 Clover 
--
5260 1928 Soybeans 
--
5320 
1899 Wheat 14.80 1712 1929 Wheat 24.68 5155 
1900 Clover 
--
7400 1930 Qats 25.00 --
1901 Wheat 88.20 5950 1931 Corn 53;60 4032 
1902 Clover 
--
1450 1932 Soybeans 
--
7840 
1903 Omitted 1933 Wheat 36.00 4B39 
1904 Omitted 1934 Clover 
--
Omitle d 
1905 Wheat 11.05 1432 1935 Soybeans 
--
7420 
1906 Cowpea. 
--
2470 1936 Wheat 28.24 2254 
1907 Wheat 24.24 3140 1937 Corl\ 46.30 2535 
1908 Clover 
--
9932 1938 Soybeans 
--
3360 
1909 Wheat 12.10 1588 
1910 Cowpea. 
--
5408 Average JVheat 24.7 3496 
1911 Wheat 32.55 3404 Average Corn '9.9 3283 
1912 Cowpea. 
--
'550 Average Soybeans -- 3360 
1913 Wheat 27.79 3039 Average Clover 
--
48'6 
1914 Cowpea. 
--
• 5135 Average Cowpea~ .- 4974< 
1915 . Wheat 25.08 . 3955 Average Qat. 25.0 -- . 
1918 Cowpea. 
--
7308 
1917 Wheat 27.'0 3520 
1918 Cowpeas 
--
8006 
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Plot No. 32 
3 YR. ROTATION - CORN, SOYS, WHEAT - SWEET CLOVER (UNDER). 
SOIL TREATMENTS: LIMESTONE WHEN NEEDED, 20% PHOS. @ 2501 ON CORN AND WHEAT. 
0888-1913; ROTATION WHEAT AND CLOVER, 6 T. MANURE ANNUALLY; 1914-1927, 
6 T MANURE TOP DRESSED ON WHEAT) 
" YI.ld ' " - VI. 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Clover -- 5700 1918 Clover -- 4340 
1890 Clover -- 5100 1919 Wheat 12.95 4277 
1891 Clover 
--
5440 1920 Clover 
-- 2814 
1892 Wheat 22.58 3870 1921 Wheat 10.15 2191 
1893 Clover 
--
5000 1922 Clover 
--
3847 
1894 Wheat 37.92 2885 1923 Wheat 15.87 4522 
1895 Clover 
--
5300 1924 Clover 
--
7482 
1896 Wheat 34.33 5340 1925 Wheat 34.88 4753 
1897 Clover -- 3850 1926 Soybeano -- 6062 
1898 Wheat 11.00 2400 1927 Wheat 24.39 2618 
1899 Clover -- 3500 1928 Soybeans -- 4760 
1900 Wheat 18.20 2810 1929 Wheat 26.13 4676 
1901 Clover 
--
2480 1930 Oats 25.00 
--
1902 Clover 
--
Omitted 1931 Corn 51.60 3500 
1903 Wheat 3.36 2301 1932 Soybeane -- 7840 
1904 Wheat Omitted Omitted 1933 Wheat 31.45 5952 
1905 Omitted 1934 Clover -- Omltte d 
1906 Wheat 17.11 2217 1935 Soybeano -- 5800 
1907 Clover -- 4030 1936 Wheat 29.65 2463 
1908 Wheat 19.50 2527 1937 Corn 44.90 2665 
1909 Cowpeae -- 3276 1938 Soybeane -- 4270 
1910 Wheat Omitted --
1911 Wheat 22.27 2798 Average Wheat 22.80 3491 
1912 Cowpeae -- 4810 Average Corn 48.20 3082 
1913 Wheat 28.17 4225 Average Soybeans -- 5746 
1914 Cowpeae -- 5521 Average Clover -- 4512 
1915 Wheat 22.40 2688 Average Cowpeas -- 5228 
1916 Cowpeae -- 7308 
1917 Wheat 35.40 4508 
Plot No. 33 
3 YR. ROTATION - CORN, SOYBEANS, WHEAT - SWEET CLOVER (UNDER). 
SOIL TREATMENTS: LIMESTONE WHEN NEEDED, 50% KCl @ 100 ON CORN AND WHEAT. 
<1888-1927' ROTATION WHEAT AND CLOVER NO TREATMENT) , 
Yl,ld VI. 
Year Crop Grain Forage YelLr Crop Grain Forage 
1889 Wheat 23.67 2270 1919 Wheat 17.50 3290 
1890 Clover 
--
4800 1920 Clover 
-- 1738 
1891 Wheat 33.33 5300 1921 Wheat 11.78 2233 
1892 Clover 
--
3800 1922 Clover 
--
1694 
1893 Wheat 8.33 1780 1923 'Wheat 27.77 2562 
1894 Clover 
--
2660 1924 Clover 
--
3184 
1895 Wheat 34.67 4880 1925 Wheat 29.28 2989 
18'96 Clover -- 1320 1926 Soybeane -- 4578 
1897 Wheat 12.50 2250 1927 Wheat 15.21 1572 
1898 Clover 
--
3180 1928 Soybeane 
--
4820 
1899 Wheat 2.70 438 1929 Wheat 18.16 2443 
1900 Clover -- 4320 1930 Oats 25;00 --
1901 Wheat 30.90 3545 1931 Corn 46.00 3122 
1902 Clover 
--
1100 1932 Soybeane 
--
9520 
1903 Omitted 
-- --
1933 Wheat 28.25 3274 
1904 OmItted 
-- --
1934 Clover 
--
Omitted 
1905 Wheat 9.96 1290 1935 Soybeane 
--
4480 
1908 Cowpeae 
--
1960 1938 Wheat 2Q.96' 1543 
1907 Wheat 12.78 1858 1937 Corn 38.80 2145 
1908 Clover 
--
4278 1938 Soybeane 
--
4088 
1909 Wheat 14.30 1853 
1910 Cowpeae 
--
5252 Average Wheat , 18.9 2435 
1911 Wheat 16.90 2028 Average Corn 42.3 2833 
1912 Cowpeae 
--
3250 Average Soybeane 
--
4088 
1913 Wheat 25.68 2717 Ave..,e Clover 
--
2796 
1914 Cowpeae 
--
6061 Average Cowpeae 
--
4439 
· 1915 Wheat 11.86 2158 
1916 Cowpeae 
--
5884 
1917 Wheat 20.70 1512 
1918 Clove .. 
--
1512 
BULLETIN 458-SANBORN FIELD 59 
Plot No. 34 
4 nt. ROTATION - CORN, OATS, WHEAT, CLOVER. 
SOIL TREATMENT: 6 T. MANURE ANNUALLY 0888-1913; ROTATION CORN, OATS, CLOVER, WHEAT 
6 T MANURE ANNUALLY) 
Yield VI. 
". 
Year Crop Grain Forage Year Crop Grain Forage 
1889 Corn -1,2.00 3100 1919 Corn 60.10 3710 
1890 Oat. Omitted 
--
1920 Oat. 57.31 4067 
1891 Clover -- 3000 1921 Wheat 15.51 3647 
1892 Wheat 9.33 4200 1922 Clover 
--
4830 
1893 Corn 23.71 3940 1923 Corn 58.83 6552 
1894 Oats -U.25 1900 1924 Oats 43.75 2443 
1895 Clover 
--
4600 1925 Wheat 31.96 5075 
1896 Clover 
--
4600 1926 Soybeans 
--
7168 
1897 Corn 58.60 3060 1927 Corn 67.40 4200 
1898 Oats 4.10 469 1928 Oats 72.18 2562 
1899 Clover 
--
2600 1929 Wheat 26.60 5418 
1900 Wheat 17.80 3190 1930 Clover 
--
1680 
1901 Corn 3.00 880 1931 Corn 59.40 4564 
1902 Oats 6.20 1300 1932 Oats 46.37 2310 
1903 Omitted 1933 Wheat 27.27 5154 
1904 Omitted 1934 Clover 
--
0000 
1905 Corn 75.02 3172 1935 Corn 35.20 2913 
1906 Oats 34.12 2730 
, 
1936 Oats 35.44 1246 
1907 Clover 
--
5902 1937 Wheat 16.70 4245 
1908 Wheat 16.10 2287 1938 Clover .- 4200 
1909 Corn 36.40 3068 
1910 Oats 27.40 2119 Average Corn 46.7 3745 
1911 Corn 32.03 4901 Average Oats 37.6 2150 
1912 Oat. 40.83 2451 Average Wheat 22.9 4316 
1913 Wheat 28.33 4215 Average Clover 
--
3999 
1914 Cowpeas -- 7033 Average Soybeans 
--
7100 
1915 Corn 55.62 4634 
1916 Oat. 42.90 2212 
1917 Wheat 39.40 5726 
1918 Clover 
--
4578 
Plot No. 35 
4 YR. ROTATION - CORN, OATS, WHEAT, CLOVER. 
SOIL TREATMENTS: NONE 0888-1913; ROTATION - CORN, OATS, CLOVER, WHEAT, 6 T. 
MANURE ANNUALLY) 
Ylold Yl,ld 
Year Crop Gra.ln Forage Yen Crop Grain Forag 
1889 Oats 28.44 1975 1919 Corn 57.70 3556 
1890 Clover 
--
3550 1920 Oats 36.53 1575 
1891 Wheat 19.58 1825 1921 Wheat 16.80 2380 
1892 Corn 40.00 1100 1922 Clover -- 3473 
1893 Oats 29.38 2350 1923 Corn 50.97 4244 
1894 Clover -- 4490 1924 Oats ' 49.00 1687 
1895 Wheat 35.83 5050 1925 Wheat 34.65 3591 
1896 Corn 60.86 2340 1926 Soybea.ns 
--
4858 
1897 Oats 37.50 3300 1927 Corn 58.00 4340 
1898 Clover 
--
noo 1928 oats 4~.15 1505 
1899 Whea.t 24.30 3020 1929 Wheat 27.59 3864 
1900 Corn 42.10 2000 1930 Clover -- 420 
1901 Oat. 3.00 500 1931 Corn 49.20 2716 
1902 Clover 
--
2000 1932 Oat. 31.94 1008 
1903 Corn Omitted Omitted 1933 Wheat 31.26 3864 
1904 Corn 47.30 1638 1934 Clover _. Omltt. 01, 
1905 oat. 28.03 2242 1935 Corn 16.80 1960 
1906 Cowpeas 
--
1820 1938 oats 2.84 189 
1907 Wheat 17.44 2260 1937 Wheat 15.30 2762 
1908 Corn 48.50 4400 1938 Clover -- 2380 
1909 Oats 18.25 1300 
1910 Clover 
--
1040 Average Corn 47.1 3340 
1911 Corn 37.30 5803 Avenge oats 30.9 1739 
1912 Oats 51.59 2932 Average Wheat 25.3 ~02 
1913 Whea.t 25.13 37$1 Avera.g. Clover .. 2826 
1914 Cowpeaa 
--
8799 Average Soybeans -- 4492 
1915 Corn 58.50 8188 
1916 oats 42.20 2051 
1917 Wheat 31.20 4158 
1918 Clover _. ,3388 
60 MISSOURI AGRICULTURAL EXPERIMENT STATION 
Year 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
Year 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
19.06 
1907 
1908 
1909 
1910 
1911 
1912 
Plot No. 36 
CONTINUOUS WHEAT 
SOIL TREATMENTS: 4-12-4 @20ilfANNUALLY. (1888-1913; 6 T. MANURE ANNUALLY. 
1914 1928 15ilf 3 104 ANNUALLY) 
- I - -
Vi, YI"ld 
Crop Grain Forage Year Crop Grain Forage 
Wheat 23.00 2070 1919 Wheat 12.83 4228 
Wheat Omitted -- 1920 Wheat 27.77 3269 
Wheat 27.33 4570 1921 Wheat 15,16 2506 
Wheat 29. 83 3870 1922 Wheat 15.02 3976 
Wheat 4.00 860 1923 Wheat 25.26 3612 
Wheat 26.58 1265 1924 Wheat 21.58 3052 
Wheat 33.00 3620 Ui25 Wheat 29.60 3668 
Wheat 26.00 2980 1926 Wheat 12.50 1533 
Wheat 14.67 1820 1927 Wheat 22.50 2962 
Wheat 6.90 2720 1928 Wheat 20.45 1700 
Wheat 18.20 1790 1929 Wheat 12.48 2303 
Wheat 10.00 1740 1930 Wheat 1.36 1388 
Wheat 27.20 3320 1931 Wheat 15.57 3856 
Wheat 11.70 5200 1932 Wheat 12.60 1904 
Wheat Omitted -- 1933 Wheat 29.72 3732 
Wheat Omitted -- 1934 Wheat 22.16 3178 
Wheat Omitted -- 1935 Wheat 15.23 4559 
Wheat 8.66 1122 1936 Wheat 12.39 1372 
Wheat 24.80 3214 1937 Wheat 24.20 4050 
Wheat 16.10 2087 1938 Wheat 15.60 2940 
Wheat 21.90 2858 
Wheat Omitted -- Average Wheat 18.9 2857 
Wheat 20.25 . 1892 
Wheat 9.96 1386 
Wheat 20.91 3484 
Wheat 29.42 5505 
Wheat 17.79 3602 
Wheat 15.20 2772 
Wheat 8.60 1442 
Wheat 33 .83 3612 
Plot No. 37 
4. YR., ROTATION - CORN, OATS, WHEAT, CLOVER 
SOIL TREATMENTS: 4-12-4 @ 200# ON CORN AND WHEAT, (1888-1913; ROTATION CORN, . OATS, 
CLOVER, WHEAT, 6 T. MANURE ANNUALLY: 1914-1928' 3-10-4 @ 15011 ON CORN AND WHEAT) 
Yield Vi,M 
Crop Grain Forage Year Crop Grain Fora~e 
Clover 
--
3400 1918 Clover -- 4928 
Clover 
--
5.550 1919 Corn 60.50 3640 . 
Corn 45.64 2450 1920 oats 50.97 2254 
Oats Omitted 
-- 1921 Wheat 25.66 3654 
Clover 
-- 4620 1922 Clover -- 5460 
Wheat 31.00 3280 1923 Corn 57.89 5117 
Corh 80.00 4070 1924 oats 5o.s3 1792 
Timothy 
-- 4250 1925 Wheat 36.98 5516 
Clover 
--
5300 1926 Soybeans 
-- 5236 
Wheat 12.25 2920 1927 Corn 58.20 3220 
Corn 38.10 1860 1928 oats 50.31 1596 
oat. 43.80 2600 1929 Wheat 29.80 4497 
Clover 
--
1580 1930 Clover 
--
840 
Corn 80.70 2850 1931 Corn 52.00 3066 
Corn 69. 08 3029 1932 Oats 42.87 1498 
oats 19.91 1593 1933 ' Wheat 30.90 4938 
Omitted 
-- --
1.934 Clover 
--
980 
Wheat 11.48 1488 1935 Corn 24 •. 00 2016 
Corn 63.88 2587 1936 Oats 6.13 350 
Oats 30.08 2405 1937 Wheat 18.6.0 3266 
Cowpeas 
--
2952 1938 Clover 
--
2030 
Wheat Omitted 
--
Corn 31.80 4784 Average Corn 54.6 3348 
oats 53 .82 2886 Aver)lge oats 38.9 1907 
1913 ' Wheat 24.91 '4037 Average Wheat 25.7 3757 
1914 CO'Wpeas -- ,7982 Average Clover . -- 3469 
1915 Corn 48.30 4844 'Average Soybeans -- 5390, 
1918 Oats 41.80 2100 
1917 Wheat 35.90 3976 
Year 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 
1903 
1904 
1905 
1906 
1907 
1906 
1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
BULLETIN 458-SANBORN FIELD 
Plot No. 38 
4 .YR. ROTATION - CORN, OATS, WHEAT, CLOVER 
SOIL. TREATMENTS: 4-12-4 ~ 200f ON CORN AND WHEAT. LIMESTONE WHEN NEEDED 
11889-1913; ROTATION, CORN, OATS, CLOVER, WHEAT, 6 T. MANURE ANNUALLY 
1914-1927; 3-10-4 @ 150* ON CORN AND WHEAT) 
Vi, d VI"ld 
Crop Grain Forage Year Crop Grain 
Wheat 26.92 2370 1918 Clover --
Corn 50.93 2800 1919 Corn 59.20 
Qats 29.69 1150 1920 Qats 49.22 
Clover -- 4200 1921 Wheat 23.80 
Wheat 15.17 2510 1922 Clover 
--
Corn 34.00 3580 1923 Corn 55.50 
Qats 40.63 2340 1924 Qats 45~94 
Clover 
--
6000 1925 Wheat 37.56 
Wheat 37.33 4460 1926 Soybeans 
--
Corn 31.70 1600 1927 Corn 66.20 
Qats 32.20 2250 1928 Qats 55.12 
··Clover 
--
2960 1929 Wheat 27.67 
Wheat 37.20 4410 1930 Clover --
Corn 78.50 2700 1931 Corn 49.20 
Omitted -- -- 1932 Qats 56.00 
Omitted 
--
-- 1933 Wheat 30.10 
Wheat 31.81 4123 1934 Clover 
--
Corn Omitted -- 1935 Corn 22.80 Qats 37.78 3022 1936 Qats 21.00 
Clover -- 7254 1937 Wheat 14.00 
Wheat 15.70 2035 1938 Clover 
--
Cowpeas 
--
7242 
Corn 33.80 6559 Average Corn 48.8 
Qats 14.42 1495 Average Oats 38.4 
Wheat 27.79 .4807 Average Wheat 27.5 
Cowpeas 
--
5356 Average Clover 
--
Corn 55.70 5208 Average Soybeans 
--Qats 42.90 2338 
Wheat 32.40 5418 
Plot No. 39 
4 YR. ROTATION - CORN, OATS, WHEAT, CLOVER 
61 
Forag e 
5348 
4270 
2058 
3752 
5726 
6385 
1946 
5250 
6804 
5180 
1862 
4245 
2800 
3766 
2156 
4070 
1960 
2576 
1008 
3920 
3080 
4056 
1966 
3890 
4369 
6464 
SOIL TREATMENT' NONE (1888-1913 ROTATION CORN OATS CLOVER WHEAT NO TREATMENT) , , , 
In VI, In 
Year Crop Grain Forage I Year Crop Grain ForaltO 
1889 Wheat 25.83 2460 1919 Corn 52.50 3304 
1890 Corn 35.29 2390 1920 Oats 27.78 1113 
1891 Qats 21.57 1090 1921 Wheat 13.30 3118 
1892 Clover 
--
3400 1922 Clover 
--
3374 
1893 Wheat 14.00 2960 1923 Corn 48.66 3688 
1894 Corn 34.29 3120 1924 Qats 43.31 1414 
1895 Qats 31.56 1250 1925 Wheat 24.50 2625 
1896 Clover 
-- 2760 1926 Soybeans -- 5026 1897 Wheat 28.67 3380 1927 Corn 52.60 2800 
1898 Corn 28.20 1600 1928 Qats 33.88 1274 
1899 Qats 26.30 1580 1929 Wheat 22.34 2583 
1900 Clover 
--
2300 1930 Clover -- 420 
1901 Wheat 34.00 4480 1931 Corn 50.20 3052 
1902 Corn 54.00 2900 1932 Qats 30.62 1260 
1903 Omitted 
--
--
1933 Wheat 26.78 3206 
1904 Omitted 
--
--
1934 Clover 
--
1400 
1905 Wheat 20.80 2696 1935 Corn 16.00 2800 
1906 Corn Omitted 
--
1936 Qats 8.75 434 
1907 Qats 26.81 2145 1937 Wheat 17.80 3552 
1906 Clover 
--
2163 1938 Clover 
--
1680 
1909 Wheat 21.70 2812 
1910 Cowpeas 
--
6162 Average Corn 41.0 3026 
1911 Corn 29.90 2899 Average Qats 28.2 1363 
1912 Qats 30.27 2980 Average Wheat 23.3 3199 
1913 Wheat 13.76 4011 Average Clover -- 2216 
1914 Cowpeas 
--
5239 Average Soybeans -- 5475 
1915 Corn 49.60 4732 
1916 Qats 30.60 1456 
1917 Wheat 30.00 3710 
1918 Clover 
--
2450 
